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Abstract
DNA barcoding (using a standardized sequence of the mitochondrial CO1 gene) was used to determine the
aquatic insect species richness of two sites along White Clay Creek in Pennsylvania. Water quality assessment
at the sites did not change from good (14.6, previous MAIS score 13.2) and fair (9.4, earlier MAIS 7.3), but
barcoding increased the species richness and provided a much more detailed analysis by detecting cryptic
species. Aquatic insect identifications by an amateur biologist and by expert taxonomists using traditional
methods based on morphology were compared to DNA barcoding. The amateur biologist’s identifications
were limited to order and family while expert taxonomists were able to identify 44 different species and DNA
barcoding indicated 128 different species. 84% of the 1786 specimens that were submitted for barcoding
generated a successful DNA sequence. DNA barcoding revealed the presence of more species than expert
taxonomists identified as shown in the following listing of insect orders with comparison of numbers of
species identified by expert taxonomists and DNA barcoding: Diptera (23 expert spp. and 128 barcoding
spp.), Ephemeroptera (6 expert spp. and 16 barcoding spp.), Plecoptera (0 expert spp. and 6 barcoding spp),
Trichoptera (9 expert spp. and 14 barcoding spp), and Coleoptera (6 expert spp. and 6 barcoding spp). Station
12 had an overall higher species richness and abundance of Chironomidae; Chironomids accounted for 63%
of the specimens with 64 species. Chironomids made up only 30% of the specimens at Station 11 and EPT
richness was higher. The increase in the abundance and species richness of Chironomidae at Station 12
supported the previous findings of a lower water quality than that occurring at Station 11. Barcoding, when
combined with traditional aquatic macroinvertebrate sampling, provides the most accurate and cost effective
method to determine the water quality of fresh water ecosystems.
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  1 
Abstract 
 
DNA barcoding (using a standardized sequence of the mitochondrial CO1 gene) was used 
to determine the aquatic insect species richness of two sites along White Clay Creek in 
Pennsylvania. Water quality assessment at the sites did not change from good (14.6, 
previous MAIS score 13.2) and fair (9.4, earlier MAIS 7.3), but barcoding increased the 
species richness and provided a much more detailed analysis by detecting cryptic species.  
Aquatic insect identifications by an amateur biologist and by expert taxonomists using 
traditional methods based on morphology were compared to DNA barcoding. The 
amateur biologist’s identifications were limited to order and family while expert 
taxonomists were able to identify 44 different species and DNA barcoding indicated 128 
different species. 84% of the 1786 specimens that were submitted for barcoding 
generated a successful DNA sequence.  DNA barcoding revealed the presence of more 
species than expert taxonomists identified as shown in the following listing of insect 
orders with comparison of numbers of species identified by expert taxonomists and DNA 
barcoding: Diptera (23 expert spp. and 128 barcoding spp.), Ephemeroptera (6 expert spp. 
and 16 barcoding spp.), Plecoptera (0 expert spp. and 6 barcoding spp), Trichoptera (9 
expert spp. and 14 barcoding spp), and Coleoptera (6 expert spp. and 6 barcoding spp). 
Station 12 had an overall higher species richness and abundance of Chironomidae; 
Chironomids accounted for 63% of the specimens with 64 species. Chironomids made up 
only 30% of the specimens at Station 11 and EPT richness was higher. The increase in 
the abundance and species richness of Chironomidae at Station 12 supported the previous 
findings of a lower water quality than that occurring at Station 11. Barcoding, when 
combined with traditional aquatic macroinvertebrate sampling, provides the most 
accurate and cost effective method to determine the water quality of fresh water 
ecosystems.  
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Introduction 
Biomonitoring 
Macroinvertebrates are excellent bioindicators due to their tendency to reflect the 
surrounding abiotic environment and the changes that occur over time to that specific 
habitat (Allan and Castillo 2007, Hodkinson and Jackson 2005). In 1980 Vannote et al. 
published a revolutionary (yet simple) idea called the River Continuum Concept (RCC)1: 
plant and animal community structure changes downstream in response to the growing 
river. The RCC combines the ideas of stream order, energy sources, food webs and 
nutrients to create an all encompassing idea of fresh water ecology (Allan and Castillo 
2007, Vannote et al 1980). According to the RCC, a first order stream has a high amount 
of shade due to tree cover, shallow water flow, a high level of coarse particulate organic 
matter (CPOM), the ratio of primary production to respiration is less than 1, and the 
majority of the insect community is made up of collectors and shredders.  In a fifth order 
stream there is less tree cover, allowing for more light and a higher periphyton 
community, the river is wider and water flow has drastically increased, collectors and 
grazers dominate the insect communities, organic matter has become finer and the ratio 
of primary production to respiration is now greater than 1. In a 12th order stream the 
channel width is at its maximum, there is little to no tree cover, organic matter is now 
very fine, zooplankton makes an appearance, the primary production to respiration ratio 
is below 1, and the insect communities are dominated by collectors. There is also a 
geographical change, 1st order streams usually begin at higher elevations (e.g. originating 
in the mountains) while larger order streams are close to sea level. Scientists could now 
                                                
1 See Appendix A, Figure A1. 
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examine streams and compare their results to the RCC; water quality could be determined 
by deviations from the norm.  
Historically, biomonitoring studies focused on changes in community structure; 
with particular attention paid to laboratory induced stresses (Reynoldson and Metcalfe-
Smith 1992). Today there are countless methods that assess water quality based on the 
macroinvertebrate communities (i.e. richness, diversity, relative abundances, tolerance 
values, and habitat and functional feeding group requirements) (Lenz 1997, Hodkinson 
and Jackson 2005, Allan and Castillo 2007, Marchant 2007). A well recognized 
monitoring method is the Rapid Bioassessment Protocols (Barbour et al. 1999). These 
studies have provided additional data to confirm and establish the method of 
macroinvertebrate community assessment to determine water quality (Hodkinson and 
Jackson 2005, Lenz 1997, Lowrance et al 1995, Barbour et al 1999, Reynoldson and 
Metcalfe-Smith 1992).   
Fresh water streams experience different kinds of stresses (i.e. environmental 
changes, pollution, or anthropogenic influence) and the organisms in the water can 
tolerate these changes to varying degrees. Aquatic organisms are assigned a tolerance 
value (TV)2 that ranks the taxon along a numerical gradient of 1 to 10. If the taxon has a 
score of 1 to 5, it is sensitive; however, if the score is 6 to 10 the taxon is tolerant. Table 
A1 lists tolerance values for most of the organisms discussed in this paper. The order 
Ephemeroptera has a TV of 1, therefore this order is very sensitive to pollution. Aquatic 
worms (Class Oligochaeta) have a TV of 8; this group can sustain much higher levels of 
pollution. Insects belonging to the orders Ephemeroptera, Plecoptera, and Trichoptera 
                                                
2 All tolerance values used in this study are from Smith and Voshell 1997 for the 
northeastern United States.  
  4 
(referred to as EPT) are often found only in higher quality streams, and therefore 
typically have low TVs.  
Other animals that have been found to be very sensitive to pollution and often 
found in high water quality streams include the water penny (Coleoptera: Psephenidae), 
hellgrammite (Order Megaloptera), and gilled snail (class Gastropoda) (Maryland 
Department of Natural Resources 2004). Aquatic insects representative of fair water 
quality streams consists of crane flies (Diptera: Tipulidae), net spinning caddisflies 
(Trichoptera: Hydropyschidae), alderflies (Order Megaloptera), riffle beetles (Coleoptera: 
Elmidae), dragonflies, and damselflies (Order Odonata) (Maryland Department of 
Natural Resources 2004). Chironomidae, and Oligochaeta all have higher tolerance 
values and are usually dominant in lower quality streams (Maryland Department of 
Natural Resources 2004, Smith and Voshell 1997). Simuliidae (blackflies) can dominate 
in high quality streams but also have high abundances in lower quality streams. Tolerance 
values can vary among regions and habitats, and between family level and lower level 
identification (genus or species). Many species-level pollution tolerance values are not 
known and require more study (Reynoldson and Metcalfe-Smith 1992). 
The Macroinvertebrate Aggregated Index for Streams (MAIS) is a multimetric 
index that is calculated using TVs, the abundance of insects, richness and other indices3 
(Smith and Voshell 1997, Johnson 2006). Ten different metrics used to calculate the 
MAIS score are first transformed and given standardized scores between 0 and 2; the 10 
scores are then tallied. The MAIS score increases with increasing water quality as shown 
                                                
3 See Table A2. in the Appendix for a complete list and explanation of the 10 metrics.  
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in Table A3 that displays the ranges of MAIS scores and the corresponding site 
classification. 
                        Table A3. MAIS Score Ranges.  
Site Classification MAIS score 
Poor 0-6 
Fair 6.1-13 
Good 13.1-20 
 
The hypothesis of multimetric indices is that ecosystems that have not sustained 
disturbances will have aquatic communities that have a high taxa richness as well as an 
even allocation among species (Reynoldson and Metcalfe-Smith 1992, Smith and Voshell 
1997). The difference between sites can be significant with a good site having an 
Ephemeroptera, Plecoptera, and Trichoptera (EPT) Richness with 10 families or more 
and a poor site having an EPT Richness of less than 3 families.  
DNA Barcoding  
DNA barcoding is a molecular technique that sequences a short portion of the 
mitochondrial DNA of animals, the CO1 gene, to create a unique “barcode” (Hebert et al. 
2003). Using the CO1 gene enables species level identification while eliminating the 
time-consuming and expensive task of sequencing the entire genome of the animal and 
consequently this significantly reduces the cost. Janzen (2004) passionately argues for 
this technology as a way to promote his idea of “bioliteracy,” which he describes as the 
ability to understand species diversity on a genetic level to promote greater appreciation 
and conservation of the natural world.  
Barcoding has already been utilized confirm or modify morphological species 
determinations for insects (i.e. Astraptes fulgerator complex, Tachinid parasitiods of 
Costa Rica, and Phyciodes butterflies) in the United States and in the tropical regions of 
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Costa Rica (Smith et al. 2007, Hajibabaei et al. 2006, Wahlberg et al. 2003). DNA 
barcoding is quickly becoming an important taxonomic tool by allowing taxonomists, 
ecologists and conservationists to catalog a variety of species (insects, birds, etc). 
Spreading the concept of “bioliteracy” can promote greater understanding of the habitats 
that desperately require conservation and restoration efforts. Fresh water systems are one 
of those essential ecosystems because water is an obligatory resource for human beings.  
The need to recognize and facilitate water quality preservation and restoration is 
vital to the continued sustainability of the human species. The United States 
Environmental Protection Agency (EPA) administers has published extensive guidelines 
for state conservation and environmental departments that used abiotic to biotic water 
quality methods (http://www.epa.gov/lawsregs/).   
Anthropogenic land use affects macroinvertebrate communities. Kratzer et al. 
(2006) studied the Hudson River in New York and found that certain land uses had a 
negative effect, reducing pollution intolerant species richness. Non-point source 
pollution, such as agriculture, is intimately tied to land use and can influence water 
conditions. Stream health can deteriorate when a stream is channelized, diverted, 
impacted by non-point source pollution, or over-fished, and this is reflected in the 
macroinvertebrate communities (Vannote et al. 1980, Barbour et al. 1999).  
This project incorporates two methods that have never been linked together 
before, macroinvertebrate biomonitoring and DNA barcoding, in an effort to gain a 
greater understanding of how traditional taxonomic approaches compare to species 
identification by DNA barcoding and how this may affect interpretation of water quality. 
The question of whether or not traditional methods of assessing macroinvertebrate 
  7 
communities are accurate will be addressed. Utilizing traditional water quality 
methodology, species richness (the number of species) and abundance of individuals will 
be compared at two White Clay Creek stations (Stations 11 and 12) having different 
water quality.  
8 
Materials and Methods 
 
Aquatic macroinvertebrates were sampled at two locations on the White Clay 
Creek in southern Chester County, Pennsylvania. Site 111 is on the East Branch of White 
Clay Creek, upstream of Spencer Road at the Stroud Water Research Center. The EPA 
awarded Site 11 Exceptional Value status in 1984, the highest classification given by the 
state. This site has been rated as having good (13.2) water quality based on annual data 
from 1991-2005.  
The second sampling site, Site 122, is also on the East Branch of the White Clay 
Creek, downstream of Site 11 at Rosazza Orchards off of Glen Willow Road, north of 
Avondale. The MAIS score rated this site as having fair (7.3) water quality based on 
samples taken between 1991-2005, but rated the site poor in 2004 and 2005. This site 
experiences non-point source agricultural run-off such as fertilizers, pesticides, and 
sediments (Jan Battle, personal communication). 
On March 10, 2008 macroinvertebrates were collected3 with a Surber sampler 
(250 !m mesh, 1 ft2) in riffle habitat in >100 m reach of stream. Four Surber samples 
were combined into one composite sample, and then subsampled by 1/4th to produce one 
composite sample representing 1 ft2 of habitat. A total of three composite samples were 
taken at each site. Samples were immediately preserved in 95% ethanol (EtOH) and 
transported back to the laboratory where the EtOH was replaced with fresh 95% EtOH.  
The samples rested for at least an hour in order for the macroinvertebrate tissues 
to fix. Then a minimum of 200 macroinvertebrates was subsampled (e.g. ", #, 1/8, 1/16) 
                                                
1 See Appendix B, Table B1 for information on Site 11. 
2 See Appendix B, Table B2 for information on Site 12. 
3 See Appendix B, Figures B1-B6 
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and identified using a dissecting scope. The invertebrates were identified to order level, 
counted, and placed in vials of 95% EtOH. Only whole macroinvertebrates were kept, 
parts or pupae were excluded from the sample.  
The macroinvertebrates were then identified using a DM39Z Digital Stereo 
Microscope and digital images4 (.jpg) were made of all the specimens (Motic Images 1.2, 
run on a Dell Inspiron 7500 laptop with Microsoft Windows 2000 Professional operating 
system). Each specimen was given a unique voucher code (i.e. 08-SWRC-0001) in order 
to connect individuals to their barcode. The voucher codes were entered into an Excel 
file5 designed by the Canadian Centre for DNA Barcoding with each voucher code 
connected to information (i.e. taxonomy, site information, etc.) for each specimen. A 
tissue sample from each specimen was placed in a tube with 95% EtOH (as well as a 
small paper with its unique voucher code printed on it) then stored in a Matrix 96 tube 
box and sent to The University of Guelph for mitochondrial DNA (cytochrome c oxidase, 
or CO1) testing within a 2 month period. A total of 1,786 tissue6 samples were submitted 
for barcoding analysis. 
At the University of Guelph Canadian Centre for DNA Barcoding (CCDB) DNA 
from the CO1 gene is extracted, amplified and sequenced through a set of six protocols 
(Lysis, DNA Extraction, PCR, PCR-Check, Cycle Sequencing, and Sequence Editing and 
Alignment)7. Tissue samples are subsampled and transferred into a 96-well lysis plate 
                                                
4 Go to http://www.barcodinglife.com/ to see photographs of all specimens, Appendix B, 
Figure B7-8 
5 See Appendix C, Figure C1 
6 See Appendix C, Table C1 for tissue type taken from taxa, and Appendix B Figures B8-
10 for tissue collection process 
7 See Appendix C for detailed tables, and Ivanova et al. 2006, Ivanova and Grainger 
2008a, and Ivanova and Grainger 2008b, Hajibabaei et al. 2005 
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that contains 50 !l of insect lysis buffer (with proteinase K). The lysis proceeds overnight 
at 56 ºC. Each well in the 96-well plate goes through a series of centrifugations and 
washes to extract the DNA. The DNA of the first 752 samples was extracted robotically 
using the Biomek FX-1 and DNA was eluted in 40 !l. The remaining 1,034 samples of 
DNA were extracted manually and the DNA was eluted in 25 !l H2O. 2 µL of DNA were 
added to 10.5 µL PCR mix which contained M13-tailed versions of the Folmer primers, 
LCO1490 and HCO2198 (Folmer et al. 1994). PCR thermocycling conditions were: 94 
oC for 1 minute, followed by 5 cycles of  94 oC for 40 seconds, 45 oC for 40 seconds, and 
72 oC for 60 seconds, followed by 35 cycles of 94 oC for 40 seconds, 51 oC for 40 
seconds, 72 oC for 60 seconds, and then a final extension of 72 oC for 5 minutes. 4 µL of 
the PCR reaction were examined using Invitrogen’s E-Gel96 Pre-cast Agarose 
Electrophoresis System. PCR products were detected and imaged using an AlphaImager 
workstation and E-Editor software. Successful PCR products were sent for cycle 
sequencing. The remaining PCR product was diluted (~1:4) and prepared for 
bidirectional cycle sequencing via BigDye v3.1 using an ABI 3730xl DNA Analyzer 
(Applied Biosystems). Sequence contigs were generated and edited using Sequencer 4.5 
software. Edited sequences were aligned using MEGA 3.1 software and uploaded onto 
the Barcode of Life Datasystems (BoLD) website (Ratnasingham and Hebert 2007, 
http://www.barcodinglife.com/).  
 The barcodes were then grouped to taxonomic Order and an NJ (neighbor joining) 
tree8 of Kimura-2-parameter distances was produced using the BoLD online system. 
Specimen groups with a genetic divergence of more than 2% were designated as a unique 
                                                
8 See Appendix C, Figure C2 and Appendix D, Figures D7-25. 
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species except Chironomids (5%). Identifications by amateur and expert were then 
compared to the barcoding results. Species richness using the barcoding results was 
determined for each station. MAIS scores were calculated using all the 
macroinvertebrates sampled from both sites, meaning even unsuccessful barcoding 
specimens were used.  
12 
Results 
Out of the 1,786 tissue samples submitted, 1,484 barcoded successfully, resulting 
in an overall success rate of 84%. In general, a barcode that is generated by 550 or more 
base pairs is considered successful. However in my study a sample was considered 
successful if more than 600 base pairs were sequenced. Unsuccessful barcodes came 
from specimens that failed to sequence entirely. My specimens showed two extremes, 
either barcoding over 600 base pairs or not at all. Identifications were considered a failure 
if the specimen was identified to family or genus incorrectly. Species were considered 
common at a station if more than 80% of the individuals in that species group were found 
there; conversely, if less than 20% of a species group were found at a station it was 
considered rare.  
NJ trees1 were generated for those taxonomic groups where more than 10 
specimens were submitted and successfully barcoded. Each specimen in the NJ tree is 
linked (appears on the data line) to the following information: expert identification, 
voucher code, Station number and extra taxonomic information when relevant. 
Taxonomic groups were broken down into the following Orders and Family: Coleoptera, 
Ephemeroptera, Plecoptera, Trichoptera, Diptera not including Chironomidae, and 
Chironomidae. The individuals in the family Chironomidae make up 40 % of submitted 
samples and present a complex group with an estimated 75 species. The class 
Oligochaeta and order Acari are not included in this analysis as the failure rate was very 
high (93% and 82%, respectively) with an unknown cause of barcode failure. Other 
                                                
1 See Appendix D for trees discussed in Results, Figures D7-25 
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groups (Phylum Nemertea, Nematoda, Platyhelminthes, Mollusca, and Class Crustacea) 
are not considered in this analysis due to their small sample size.  
                        Table D1. Barcoding errors by taxon 
Highest Taxon # Barcoded # Submitted % Success 
Bivalvia 0 1 0 
Acari 15 31 48 
Nemertea 1 3 33 
Oligochaeta 10 131 7 
Turbellaria 1 4 25 
Heptageniidae 1 3 33 
Hydroptilidae 0 18 0 
Polycentropodidae 0 2 0 
Rhyacophilidae 0 3 0 
 
Histograms were generated to show the percent divergence and frequency of 
individuals for each order and for the family Chironomidae. Gaps in the histograms 
indicated the percent divergence one should use to determine species. Peaks correlated 
with conspecific (as well as congeneric, confamilials, and members of different families) 
comparisons. For example, in the histogram for the order Trichoptera2 there was a 
distinct gap between the first and second peak, with the first ending at about 2%. The NJ 
tree was then analyzed and it was determined that all specimens with less than a 2% 
difference in the DNA were one species. This 2% difference is translated into a specific 
distance on the trees, so that lengths are measured to find out the % difference. Most 
groups provided the cut off of 2%; Chironomids3, however, showed a more complex 
story. The % divergence here was determined to be 5%.  
Because barcoding was able to determine cryptic species and taxonomists do not 
have names yet for these cryptic species, interim names were assigned. For example 
                                                
2 Appendix D, Figures D1 and D2 
3 Appendix D, Figures D3 and D4. 
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when one species splits into 2 or more, “sp. 1, sp. 2, etc.” is added to each group name, 
using the highest taxonomic level known (e.g. Genus sp.1, Subfamily sp. 1, etc.).  
The type and quantity of insects truly reflect the stream’s health; when a site is in 
good condition, pollution intolerant species are abundant with a relatively high richness. 
On the other hand, at a site where there are higher numbers of pollution tolerant species, 
the stream health is lower. Station 11 ranks as a “good” stream with a MAIS score of 
14.6; this score is reflected in the higher EPT species richness4. The first most abundant 
group of insects at this station belongs to the family Ephemerellidae (Ephemeroptera), the 
second most abundant is Chironomidae and the third most abundant is Hydropsychidae 
(Trichoptera). Station 12 ranks as a “fair” stream, with a MAIS score of 9.4; this score is 
reflected in the higher abundance5 and species richness of pollution tolerant species. The 
first most abundant group of insects is midges (family Chironomidae), the second most 
abundant are aquatic earthworms (class Oligochaeta), and the third most abundant are 
mayflies (order Ephemeroptera). In previous studies Station 12 has had insects belonging 
to the family Hydropsychidae as the third most abundant group; the past two years have 
found the site to be in the “poor” ranking.  The two most abundant types of insects are 
pollution tolerant, which makes sense as the stream has been ranked with a fair score. 
             Table D2. Summary table for all groups of insects 
Group 
# of submitted 
specimens 
# of barcoded 
specimens 
Barcoding 
Success % 
Expert 
sp. # 
Barcoding Sp 
# 
Coleoptera 151 100 66 6 6 
Ephemeroptera 419 394 94 6 15 
Plecoptera 52 16 31 0 6 
Trichoptera 166 139 84 9 14 
Non-Chironomidae Diptera        114 111 98 3 11 
Chironomidae 706 702 99 20 75 
 
                                                
4 See Figure D26 and D27 for species richness graphs 
5 See Figures D28 and D29 for abundance graphs for both stations. 
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Coleoptera  
This group had a 66% barcode success rate, with 100 out of the 151 specimens 
barcoded. Expert taxonomists identified six species as did barcoding. Seventeen 
specimens had barcodes that grouped as one species of Psephenidae: Psephenus herricki, 
supporting our expert taxonomists’ determination of the species. The remaining 84 
samples yielded five species of Elmidae: Macronychus glabratus, Oulimnius latiusculus, 
Optioservus ovalis, and two species of Stenelmis. Barcoding agreed with expert 
taxonomist that there were only one species of Macronychus (i.e. M.glabratus). Twenty-
four specimens turned out to be O. latiusculus, with expert taxonomists identifications 
agreeing 79% of the time with the barcode results. Almost half (46) of the Coleoptera 
specimens turned out to be O. ovalis, experts could only identify 10 of these to genus, 
while the remaining were identified to family. Experts identified all species of Stenelmis 
to genus but barcoding split this group into two species (Stenelmis sp.1, Stenelmis sp. 2)6. 
Station 11 had no exclusive species; only 2 species (M. glabratus and Stenelmis sp. 1) 
were exclusive to Station 12 but these were rare, making up only 6% of the total number. 
                     Table D3. Coleoptera Summary Table 
Species Name 
Occurrence 
at Station # of Individuals 
Psphenus herricki Both 17 
Macronychus glabratus 12 2 
Oulimnius latiusculus Both 24 
Optioservus ovalis Both 46 
Stenelmis sp. 1 12 3 
Stenelmis sp. 2 Both 8 
 
Ephemeroptera  
As shown in Table D2, this group had a high success rate (94%), with only 25 of 
the 419 specimens failing to barcode. The total number of species determined by the 
                                                
6 Appendix D, Figure D8 
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barcode method was fifteen (nine more than the experts identified), including eight 
Ephemerellidae (Eurylophella sp. 1 and 2, Serratella deficiens sp. 1 and 2, Ephemerella 
dorothea, Ephemerella sp. 1, Ephemerella invaria, and Ephemerella subvaria), one 
Emphemeridae (Ephemera varia), one Baetidae (Baetis sp. 1), one Isonychiidae 
(Isonychia bicolor), and four Heptageniidae (Stenonema sp. 1, S. modestum, 
Heptageniidae sp. 1 and Epeorus vitreus). Serratella deficiens splits into two species7: sp. 
1 was common at Station 11 while sp. 2 was only found at Station 12.  
Amateur identifications had an 8% error rate due to attempts at identifying to 
higher taxonomic levels than family. Family level identifications gave 100% accuracy by 
amateur. One hundred and twelve specimens made up the S. deficiens complex. Out of 
this number expert taxonomists identified 81 to species, giving a 72% success rate; 
however experts did not identify two species, but one, making the true success rate 0%. 
The species E. dorothea made up more than half (53%) of my Ephemeroptera samples 
with 208 individuals. Out of these 208, experts identified 147 to species correctly – a 
70% success rate.   
Station 12 had six exclusive species: Eurylophella sp. 1, Serratella deficiens sp. 2 
and 3, Stenonema sp. 1, Ephemera varia, and Ephemerella sp. 1. The majority of these 
species belong to the family Ephemerellidae. Station 11 had seven exclusive species: 
Baetis sp. 1, Eurylophella sp. 2, Isonychia bicolor, Stenonema modestum, Heptageniidae 
sp.1, Ephemerella subvaria, and Epeorus vitreus. Serratella deficiens sp. 1 was common 
at Station 11 (61 out of the 63 found at this Station) but rare at Station 12; however, 
Serratella deficiens sp. 2 was common (48 out of 49 found at this station) at Station 12. 
                                                
7 Appendix D, Figure D9 and D10 
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Ephemerella invaria was common at Station 11 (36 out of the 42 specimens found at 
Station 11), but rare at Station 12 (only 6 out of 46 found at Station 12). 
                      Table D4. Ephemeroptera Summary Table 
Species Name 
Occurrence 
at Station # of Individuals 
Baetis sp. 1 11 7 
Epeorus vitreus 11 2 
Ephemera varia 12 4 
Ephemerella dorothea Both 208 
Ephemerella invaria Both 42 
Ephemerella sp. 1 12 1 
Ephemerella subvaria 11 3 
Eurylophella sp. 1 12 1 
Eurylophella sp. 2 11 3 
Heptageniidae sp. 1 11 1 
Isonychia bicolor 11 6 
Serratella deficiens sp. 1 Both 63 
Serratella deficiens sp. 2 Both 49 
Stenonema modestum 11 2 
Stenonema sp. 1 12 2 
 
Plecoptera 
This group had the lowest success rate, only 31% of specimens submitted 
barcoded successfully. Experts did not identify any individuals to species because of their 
small size, but barcoding revealed six species (Plecoptera sp. 1, 2, 3, Perlidae sp. 1, 
Leuctridae sp. 1, and Strophopteryx sp. 1); only 4 of these species were represented by a 
single individual. The lack of a sufficient data in this group would argue that these four 
species (Perlidae sp. 1 [08-SWRC-0861], Strophopteryx sp. 1 [08-SWRC-1339], 
Plecoptera sp. 3 [08-SWRC-0876] and 2 [08-SWRC-1705]) should be confirmed with 
more specimens.  
Amateur identifications were limited to order only. These were correct but limited 
the amount of information discernable from this group. Expert identifications were only 
able to get to genus for one speciman, all others were limited to order or family. At the 
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genus level expert identification was only 6% successful, while at the family and order 
level it was 43% and 100% successful respectively.   
Station 12 had 2 species (Plecoptera sp. 2, and Strophopteryx sp. 1) and Station 
11 had 4 species (Plecoptera sp. 1, Perlidae sp. 1, Leuctridae sp. 1, and Plecoptera sp. 3) 
that occurred exclusively at that site. The number of species at each station is only 
mentioned here for consistency, the small sample size and large error rate of this group 
prevents a confident assessment of rare or common species.  
                       Table D5. Plecoptera Summary Table 
Species Name 
Occurrence 
at Station # of Individuals 
Leuctridae sp. 1 11 9 
Perlidae sp. 1 11 1 
Plecoptera sp. 1 11 3 
Plecoptera sp. 2 12 1 
Plecoptera sp. 3 11 1 
Strophopteryx sp. 1 12 1 
 
Trichoptera:  
Caddisflies had a 84% success rate (27 out of 166 did not barcode) yielding 
fourteen barcoding species, five more than experts had determined. Seven of these were 
Hydropsychidae (Hydropsyche betteni, H. sparna, H. slossonae, H. bronta, 
Cheumatopsyche sp. 1, 2, and 3), 2 were Psychomyidae (Lype diversa, Psychomyia 
flavida), and the remaining families had one species each: Leptoceridae (Leptoceridae sp. 
1), Hydroptilidae (Leucrotrichia pictipes), Philopotamidae (Chimarra aterrima), 
Brachycentridae (Micrasema sp. 1), and Uenoidae (Neophylax oligius). Out of the 27 that 
failed to barcode, the families Hydroptilidae (18 individuals), Polycentropidae (2 
individuals) and Rhyacophilidae (3 individuals) failed completely.  
The amateur taxonomist identified 13 individuals in this group incorrectly, with a 
9% error rate at the family level. Experts had a 1% failure rate at the genus level, with 
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one specimen identified to an incorrect genus and one specimen only identified to family. 
At the species level the failure rate of experts rises to 23%.  
Station 12 had 3 exclusive species (Lype diversa, Leucotrichia pictipes, and 
Leptoceridae sp. 1), while Station 11 had 7 exclusive species (Cheumatopysche sp. 2 and 
3, Hydropysche sparna, H. slossonae, Micrasema sp.1, Neophylax oligius, and 
Psychomyia flavida). Common to both stations were Hydropyche betteni (out of 53 
specimens, 25 were found at Station 12 and 28 at Station 11), Chimarra aterrima (8 were 
found at Station 11 and 10 were found at Station 12), and H. bronta (3 were found at 
Station 11 and 15 at Station 12).  
                     Table D6. Trichoptera Summary Table 
Species Name 
Occurrence 
at Station # of Individuals 
Cheumatopsyche sp. 1 Both 4 
Cheumatopsyche sp. 2 11 1 
Cheumatopsyche sp. 3 11 4 
Chimarra aterrima Both 18 
Hydropsyche betteni Both 52 
Hydropsyche bronta Both 18 
Hydropsyche slossonae 11 9 
Hydropsyche sparna 11 20 
Leptoceridae sp. 1 12 1 
Leucotrichia pictipes 12 4 
Lype diversa 12 1 
Micrasema sp. 1 11 1 
Neophylax oligius 11 2 
Psychomyia flavida 11 4 
 
Diptera  
Non-Chironomid Diptera had one of the best barcode success rates (98%). Only 
three out of the 114 specimens failed. Eleven species were determined via barcoding 
(only three were identified by experts), one species of Ceratopogonidae 
(Ceratopogonidae sp. 1), three species of Empididae (Clinocera sp. 1, Chelifera sp. 1, 
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and Hemerodromia sp. 1), three species of Tipulidae (Tipula sp. 1, Antocha sp.1 and 
Antocha sp. 2), and four species of Simuliidae (Simuliidae sp. 1, Prosimulium complex, 
Prosimulium arvum sp.1, and Prosimulium arvum sp. 2). Station 12 had 4 exclusive 
species (Ceratopogonidae sp. 1 [08-SWRC-1540], Hemerodromia sp. 1, Simuliidae sp. 1 
[08-SWRC-1538], and Prosimulium arvum sp. 2 [08-SWRC-1724]). Station 11 had 2 
exclusive species (Tipula sp. 1 [08-SWRC-1123], Prosimulium arvum sp. 1). Antocha sp. 
1 was common at Station 11 (4 out of the 5 specimens were found here), but rare at 
Station 12 while Antocha sp. 2 was common at Station 12 (15 out of the 16 specimens 
were found at Station 12), but rare at Station 11. The Prosimulium complex was common 
at Station 11 and rare at Station 12 (only 2 of 73 individuals were found at Station 12).  
Barcoding indicated two species of Antocha8 that experts identified as only one; 
species 1 was more prevalent at Station 11 and species 2 at Station 12. P. arvum was 
believed to be one species and seems to have split into two. The Prosimulium complex 
proved to be an interesting case. Experts identified three different species but barcoding 
indicated that the specimens were one species, although the NJ tree indicated a lot of 
variation among the 73. Without further analysis it is unknown whether this group is truly 
one species or there are multiple species with very little difference among the 600 base 
pairs examined. Expert taxonomists correctly identified specimens to genus 95% of the 
time, but if we looked at species level identification the experts’ success rate drops to 0%. 
Amateur success rate was 100% when the highest taxonomic level is family, but dropped 
to 0% when we consider genus level identification.  
              
 
                                                
8 See Appendix D, Figure D6.  
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               Table D7. Non-Chironomid Diptera Summary Table 
Species Name 
Occurrence 
at Station # of Individuals 
Antocha sp. 1 Both 5 
Antocha sp. 2 Both 16 
Ceratopogonidae sp.1 12 1 
Chelifera sp.1 Both 2 
Clinocera sp.1 Both 2 
Hemerodromia sp.1 12 8 
Prosimulium arvum sp. 1 11 3 
Prosimulium arvum sp. 2 12 1 
Prosimulium complex Both 71 
Simuliidae sp. 1 12 1 
Tipula sp. 1 11 1 
 
Chironomidae had an excellent success rate (99%), with only 4 specimens unable 
to barcode. When interpreting the results conservatively the barcode method gave us 75 
species, while experts only identified 20. The genus Cladotanytarsus was common at 
Station 12 and yielded 5 different species, while only one could be found at Station 11 
(sp. 3). Cricotopus tremulus split into two species, Orthocladius dorenus split into three 
species, O. oliveri split into two species, Polypedilum convictum split into three species, 
Tanytarsus glabrescens split into three species and T. guerlus split into two species. 
Traditional taxonomy would have missed this, and what is 15 species would have been 
identified as only six.  
Cricotopus tremulus sp. 1 was found only at Station 12 while C. tremulus sp. 2 
was found at both stations. O. dorenus sp. 1 was found at both stations, while sp. 2 and 3 
were found only at Station 12. Both species of O. oliveri were found at Station 12. P. 
convictum sp.1 was found at both stations, sp. 2 was found at Station 11, and sp. 3 was 
found at Station 12. All of the T. glabrescens sp. were found at Station 12, T. guerlus sp.1 
was found at both stations and sp. 2 was only found at Station 12.  
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Some species appeared to be good indicators of water quality. For example, 
Polypedilum aviceps (41 specimens) and Thienemanninyia sp. 4 (10 specimens) were 
only found at Station 11. Cladotanytarsus sp. 1 and 5 (29 and 25 specimens, respectively) 
were only found at Station 12. In addition, Orthocladius dorenus sp. 1 and 2, O. 
rivulorum, Dicrotendipes sp. 3, O. oliveri sp. 1, Cricotopus sp. 1, and Tanytarsus guerlus 
sp. 2 only occur at Station 12. All other species were rare (less than 10 individuals) and 
not able to indicate station differences based on species presence alone.  
Species richness and abundance of Chironomids were higher at Station 12 than 
Station 11. Station 11 and 12 had 11 and 37 species that occurred exclusively at each 
location, respectively. 70% (496 out of 702) of the specimens were found at Station 12.  
      Table D14. Interim names of the 75 Chironomid species determined by barcoding 
Species Occurrence 
at Station 
# of individuals 
Brillia sp. 1 12 2 
Chironominae sp. 1 11 1 
Cladotanytarsus sp. 1 12 29 
Cladotanytarsus sp. 2 12 7 
Cladotanytarsus sp. 3 11 1 
Cladotanytarsus sp. 4 12 3 
Cladotanytarsus sp. 5 12 25 
Corynoneura sp. 1 Both 17 
Corynoneura sp. 2 Both 6 
Cricotopus sp. 1 12 11 
Cricotopus tremulus sp. 1 12 3 
Cricotopus tremulus sp. 2 Both 4 
Diamesa sp. B 12 1 
Dicrotendipes sp. 2 12 2 
Dicrotendipes sp. 3 12 17 
Dicrotendipes sp. 1 12 1 
Eukiefferiella brevicalcar sp. 1 Both 58 
Eukiefferiella sp. 1 11 1 
Hydrobaenus sp. 1 11 1 
Hydrobaenus sp. 2 12 5 
Micropsectra nr polita 11 2 
Microtendipes pedellus Both 5 
Neozavrelia sp1 12 2 
Orthocladiinae sp. 1 Both 6 
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Orthocladiinae sp. 2 12 1 
Orthocladiinae sp. 3 12 5 
Orthocladius carlatus Both 7 
Orthocladius dorenus sp. 1 12 15 
Orthocladius dorenus sp. 2 12 23 
Orthocladius dorenus sp. 3 Both 74 
Orthocladius dubitatus 12 3 
Orthocladius oliveri sp. 1 12 16 
Orthocladius oliveri sp. 2 12 1 
Orthocladius rivicola Both 30 
Orthocladius rivulorum 12 25 
Orthocladius sp. 1 12 1 
Pagastia sp. 1 11 1 
Parakiefferiella sp. 1 12 1 
Parakiefferiella sp. 2 12 3 
Parakiefferiella sp. 3 Both 3 
Parakiefferiella sp. 4 12 5 
Parakiefferiella sp. 5 12 4 
Parametriocnemus sp. 1 Both 18 
Paratanytarsus sp. 1 12 6 
Polypedilum aviceps 11 41 
Polypedilum convictum sp. 1 Both 10 
Polypedilum convictum sp. 2 11 2 
Polypedilum convictum sp. 3 12 1 
Polypedilum sp. 1 11 1 
Potthastia gaedii 12 1 
Rheocricotopus robacki Both 22 
Rheotanytarsus sp. 1 Both 4 
Rheotanytarsus sp. 2 12 2 
Rheotanytarsus sp. 3 Both 11 
Rheotanytarsus sp. 4 11 4 
Rheotanytarsus sp. 5 Both 18 
Rheotanytarsus sp. 6 11 5 
Stempellinella sp. 1 Both 3 
Sublettea sp. 1 Both 19 
Sympotthastia sp. 1 Both 9 
Synorthocladius sp. 1 Both 6 
Tanytarsus glabrescens sp. 1 12 1 
Tanytarsus glabrescens sp. 2 12 1 
Tanytarsus glabrescens sp. 3 12 5 
Tanytarsus guerlus sp. 1 Both 18 
Tanytarsus guerlus sp. 2 Both 10 
Tanytarsus sp. 1 Both 17 
Tanytarsus sp. 2 12 1 
Thienemanniella sp. 1 12 1 
Thienemanniella xena sp. 1 Both 8 
Thienemannimyia sp. 2 Both 2 
Thienemannimyia sp. 3 11 1 
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Thienemannimyia sp. 4 11 10 
Tribelos sp. 1 12 1 
Tvetenia paucunca Both 15 
 
The amateur could only identify to family, giving the amateur a 0% success rate 
to species but 100% to family. Experts identified 215 of the 702 specimens to species 
(30% success rate), 382 to genus (54% success rate, if we add the 215 species to this 
number the success rate goes to 85%), and 102 to subfamily. Only three specimens could 
not be identified higher than family because of small size.   
Barcoding almost always identified more species than any other method9. The 
amateur identifier never identified a species, mostly due to the lack of taxonomic 
knowledge. Expert taxonomists are limited by specimen size and condition; they 
identified 34% (44 out of 127) of the species correctly. Barcoding, as reflected in the high 
species number is the only method that is not limited by size, condition of the specimen, 
or taxonomic knowledge of the identifier.  
                                                
9 See Figure D30 for species comparison numbers as well as Tables D8 through D13. 
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Discussion 
 
The barcoding method has shown that the insect community of the White Clay 
Creek has tremendous insect biodiversity (more than 145 species). Over the past 100 
years, humans have gone from wasteful devastation to conscientious conservation; and 
restoration efforts need our constant monitoring and support. By utilizing the barcoding 
tool in macroinvertebrate sampling, aquatic ecologists and conservationists can gain an 
edge on determining water quality. Barcoding aids species-level identifications that allow 
for specific habitat assessments and precise comparisons to other streams. Below I will 
discuss each insect group, the history of macroinvertebrate sampling, the importance of 
species-level identifications, and how barcoding should be used as a tool in these efforts.  
History of Aquatic Macroinvertebrate Assessments 
 Water could be the next highly limited resource; our population is booming and 
potable fresh water is only 2-3 percent of all water on the planet (Patrick 1994). Here in 
the US water is an inexpensive commodity and is used wastefully; agricultural practices 
utilize the highest quantity and about 50% of this is lost due to inefficient practices 
(Patrick 1994). Because rivers cross state and federal lines they require unique protection, 
laws began in 1937 in the state of Pennsylvania but federal regulations began in 1972. 
In 1972 the Clean Water Act1 was signed into federal legislation protecting all 
navigable water (fresh and saline) within the United States from point source pollution. 
Non-point source pollution, like agricultural or storm water run-off, was not covered by 
this Act. Non-point source pollutants have been found to have deleterious effects on fresh 
water ecosystems (delRosario et al. 2002, Dahl et al. 2004, Allan et al. 1997, Ometo et al. 
                                                
1 86 Stat. 816 (1972) 
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2000, Roy et al. 2003, Hall and Godwin-Saad 1996). In 1987 Congress passed additional 
legislation2 covering industrial storm water run-off and provided funding to study the 
effects of non-point source pollution. The Safe Drinking Water Act3 of 1974 protects the 
public’s drinking water and sources and it was last amended in 1996. The 
Commonwealth of Pennsylvania passed the Clean Streams Law4 in 1937 and it was last 
amended in 2005; the law covers all types of pollutants, from acid mine drainage to 
sewage effluents. The US has seen a progression of legislation that mirrors an awareness 
and sense of responsibility for fresh water habitats; amendments keep the older laws 
applicable while continuing studies precipitate further updates. 
In 1999 the EPA established protocols for rapid bio-assessment of fresh water 
habitats in the United States (Barbour et al. 1999). When followed, these protocols yield 
accurate stream assessments, even when performed by volunteer organizations. 
Biological monitoring is an important tool to be used by local, state and federal agencies 
to amend the current legislation and work together to restore our streams (Yoder 1994, 
Hart 1994). 
The use of benthic macroinvertebrates to assess stream health has a long history; 
for more than 100 years, aquatic macroinvertebrates have been used to determine water 
quality (Hellawell 1986, Cairns and Pratt 1993, Barbour et al. 1999). In the early 1900’s 
laboratory based experiments helped establish species and groups of taxa responses to 
anthropogenic and natural environmental stresses and taxa were assigned pollution 
tolerance levels (Reynoldson and Metcalfe-Smith 1992). Benthic invertebrates provide us 
                                                
2 Water Quality Act P.L. 100-4 
3 42 USC CHAPTER 6A 
4 P.L. 1987, Act 394 
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with the most accessible, abundant, and cost effective life form for biological sampling 
and assessment of stream quality (Barbour et al. 1999, Reynoldson and Metcalfe-Smith 
1992, Allan and Castillo 2007, Hodkinson and Jackson 2005). They occupy all 
microhabitats in fresh water systems, life histories and pollution tolerance are well 
known, and their sedentary life style provides us with the most accurate perspective on 
the local ecosystem (Allan and Castillo 2007). Diversity of these animals is relatively 
high, with 100-200 estimated species in any given stream; community composition and 
the presence or absence of a species can be indicative of pollution (Allan and Castillo 
2007).  Some aquatic macroinvertebrates are the primary consumers and are then 
accessible to secondary consumers, this position in the food web is vital and when 
studied, designative (Allan and Castillo 2007, Cushing and Allan 2001, Malmqvist 2002).   
Insects are excellent bioindicators of many perturbations, and we can gain specific 
knowledge of the type of pollution, degradation, and habitat by finding and examining 
specific groups (Feck and Hall 2004, Hodkinson and Jackson 2005, Hart 1994). Davies 
and Hawkes (1981) examined Chironomidae in the River Cole (Birmingham, England) 
and found them abundant and important bioindicators for their study. Dahl et al. (2004) 
used macroinvertebrates as bioindicators of organic pollution using European metrics of 
stream assessment. Insects can also be indicators of metals (copper, zinc, manganese, 
iron, aluminum, lead, cadmium; Hirst et al. 2002).  
Anthropogenic land use can cause fresh water habitat degradation; agricultural 
practices, non-impervious surfaces, and deforestation can allow for increases in run-off of 
pesticides, herbicides, and sediments (Poggi-Varaldo et al. 1998). Pollution settles in the 
sediments and organic matter, and with the large surface area and strong affinity these 
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materials have, concentrations can get quite high (Woodcock and Huryn 2006). Aquatic 
organisms show a tendency to bioaccumulate pesticides and herbicides (Beeson et al. 
1998). Humans have significant impacts on the fresh water wherever they habituate. For 
example, organic matter within New York streams was directly affected by 
anthropogenic land use, in areas where there was agriculture and point source discharges 
organic matter was significantly higher (Kaplan et al. 2006).  
Land use directly influenced macroinvertebrate communities in the streams in 
Brazil; oligochaetes were the dominant group at the sites where sugar cane fields or urban 
areas made up the majority of land use (Ometo et al. 2000). In New York City watersheds 
it was found that land use plays a significant role in macroinvertebrate communities, 
predominately urban areas increased numbers of oligochaetes and chironomids (Kratzer 
et al. 2006, Arscott et al. 2005). Many studies show a significant change in community 
structure downstream from urban or agricultural areas; often EPT taxa decrease and 
pollution tolerant organisms increase (Bournard et al. 1996). Along the White Clay Creek 
it has been shown that growth and reproduction of macroinvertebrate communities are 
significantly affected by vegetation, water temperature, shading, and algal availability 
(Sweeney 1993). The removal of riparian buffers negatively affects macroinvertebrate 
communities and allows for more non-point source run-off with many anthropogenic land 
uses currently engaging in deforestation (Sweeney 1993, Sweeney et al. 2004, Loehr 
1974). 
The taxonomy of aquatic macroinvertebrates is extensive and the species level 
identifications require more time by experts (Reynoldson and Metcalfe-Smith 1992, 
Schmidt-Kloiber and Nijboer 2004, Maxted et al. 2000, Stribling et al. 2003). 
29 
Historically, taxonomists have been essential to the identification process, but their 
numbers have been steadily dwindling (Ball et al. 2005, Stribling et al. 2003, Scotland et 
al. 2003). Experience with insects and their corresponding keys takes time, practice, and 
funding. Aquatic macroinvertebrates are most often collected at a time when they are still 
nymphs or larvae, and some keys are limited to the adult life stages making identification 
of these nymphs difficult (Ball et al. 2005). Collecting the insects can break off body 
parts that contain important morphological characteristics for identification. Some species 
are not always easily defined by morphological characteristics; rather their ecology 
speaks more for species determinations (Ball et al. 2005, David Funk personal 
communication). The younger instars are most often very small (1-5 mm in length) 
limiting morphological characteristic based identifications and can lead to mis-
identifications.  
A uniform macroinvertebrate metric could allow scientists to compare data 
worldwide (Norris 1995). Barcoding could act as a collaborative platform providing a 
sequence library for all other studies to use as comparison. Barcoding is also beginning to 
become an essential tool in the traditional taxonomists’ belt in the efforts of cataloging 
the natural world (Burns et al. 2008, Scotland et al. 2003). I propose that the barcode 
method can create a universal set of data usable by anyone for future stream assessments 
and amendments.  
 
White Clay Creek Insect Communities 
Coleoptera were not an abundant (8% of the total) or diverse (6 species) group in 
this study but were equally present at both stations.  This group was relatively pollution 
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tolerant (TV ranged from 4 to 6), but due to the small abundance it did not provide much 
biological information pertaining to water quality. This group also showed a fairly even 
distribution in both sites.  
Ephemeroptera were a relatively abundant (22% of total) and diverse (15 species) 
group that was considered pollution sensitive (TVs ranged from 1 to 4). Ephemerella 
dorothea was the most common mayfly at both stations and was accurately identified by 
experts suggesting that identification keys work well for this species.  
Both stations had a fair share of exclusive mayfly species. The mayflies Serratella 
deficiens sp. 1 and Ephemerella invaria were only collected at Station 11 and at high 
enough densities to be considered potential indicators of good water quality. Station 12 
had one species, Serratella deficiens sp. 2, that was most abundant. If S. deficiens sp. 2 is 
found in abundance at a site it could be assumed to be a fair stream. The other 7 and 4 
species found exclusively at Stations 11 and 12 respectively were not abundant enough to 
be considered indicators of water condition.  
Plecoptera had a very low barcoding success rate (31%), and was an uncommon 
group (3% of the total). If barcoding had been successful this group could have revealed 
much about the number of species. Most of these samples were first or second instars, 
very tiny in size, 2 mm or less. Morphological characteristics are nearly impossible to see 
at this size as they are either too small or not yet present. I think the huge error rate for 
this group in regards to barcoding has to do with the fact that the CCDB was unable to 
find the tiny legs in the tubes for many of the samples. I think that for this group 
especially, the use of DNA could be extremely useful. The entire animal could be sent to 
the CCDB and barcoded, saving taxonomists time and money they would normally use in 
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identification efforts. Sampling could be done later in the year to acquire larger animals, 
taxonomic characteristics would be present and tissue samples would be larger. The 
presence of Plecoptera at both sites is encouraging though, with Station 11 having double 
the amount of species that Station 12 has. The TV for this order is 5, with family level 
TVs ranging from 0 to 2. It is very important to get species level identifications from this 
group, since this group is a potentially highly sensitive indicator of disturbance.  
Trichoptera had a relatively high success rate (84%), and made up 10% of our 
specimens. Hydropsyche betteni was the most abundant species and was found at both 
stations. Each station had exclusive species, Station 11 had more than Station 12. Out of 
the 7 species found only at Station 11, only two are at high enough densities to be 
considered possible candidates for indicator species of good water quality, Hydropsyche  
sparna and H. slossonae. Station 12 species have low abundance and are not as reliable 
for fair stream species indicators.  
 Diptera had the highest barcoding success rate (98-99%), and constituted almost 
half of our specimens (45%). In the Non-Chironomid Diptera there are two genera where 
traditional taxonomy was inadequate at revealing species: Antocha and Prosimulium. 
Barcoding determined two species of Antocha and Prosimulium arvum. What was 
identified as three different species by experts turned into one species of Prosimulium 
using the barcoding method. This suggests that the key for Prosimulium is using incorrect 
characteristics, since they appear to differ morphologically within the same species. 
Barcoding could be a tool to help revise taxonomic keys for this group. Antocha: sp. 1 
was common at Station 11, and sp. 2 was common at Station 12, these two could be used 
as indicators for water quality when common in at one site and rare in another.  
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The family Chironomidae contained many indicator species for water quality. It is 
not surprising that this group had the most species as they were the most abundant in our 
study. I argue that this group alone could determine water quality with barcoding because 
they often account for the majority of macroinvertebrates collected (Sinclair and Gresens 
2008). Davies and Hawkes (1981) found abundances of 30,000 per square meter in 
sections of a river downstream from an effluent. While community structure changes 
seasonally, Davies and Hawkes (1981) felt that this was also impacted by organic 
pollution as they did see certain species of midges become dominant in heavily impacted 
areas of the stream. Chironomids are excellent at detecting the changes in levels of 
dissolved oxygen, enrichment and toxicity (Lenat and Resh 2001). In a study of a section 
of the Colorado River impacted by urban and agricultural practices Chironomidae were 
the dominant taxa at every site, constituting 60-96% of sampled taxa (Shieh et al. 2002). 
Woodcock and Huryn (2006) identified Chironomidae to genus in their study of pollution 
gradients, a study where precise species composition may have been very helpful. As was 
found in our study the same genus can be at both sites but with significantly different 
species at either site.  
Lenat (1983) argues that Chironomidae can show high species richness and 
diversity even in moderately impacted streams due to their multi-generational tendencies 
and seasonal species variation. My study showed 62 species in the fair stream site 
(Station 12) and 38 species at the good stream site (Station 11), but the number of species 
isn’t as important as what species are present or absent. Saether (1979) examined 
Chironomid species in arctic lakes and found community structure changed with the 
amount of nutrients and lake depth. Resh and Unzicker (1975) note the importance of 
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species-level identifications and notes that Diptera in the genus Chironomus and 
Simulium can be found even in clean water conditions. Our results indicate this family is 
responding at the species-level to subtle environmental changes.  
Polypedium aviceps was found exclusively at Station 11, and the PA DEP 
(Pennsylvania Department of Environmental Protection) lists this species as having a 
tolerance value of 4. A tolerance value of 4 is considered pollution intolerant as most 
other Chironomids have a TV of 6 or higher, P. aviceps could be a species indicator of 
good water quality when found in a stream, although the EPA (unpublished 2005 data) 
reported for this same species a TV of 5.3. Thienemannimyia sp. 3 and 4 are also present 
at Station 11 with a TV of 5.3. Tanytarsus sp.1 has a TV of 6.0, and yet is found at 
Station 11, but just because a species is pollution tolerant does not mean it seeks out 
pollution. Tanytarsus sp.1 may also be out competed by other midges in pollution 
conditions. Data right now is unclear as to what the controls are. 
In our stream the genus Cladotanytarsus was common (4 out of the 5 species) at 
Station 12, fair water quality could be determined by the presence of 4 species in this 
genus. One of the more interesting cases is Sublettea sp.1. This genus has a TV of 2.0, 
and yet it was common at the fair stream. It may be this taxon is tolerant of agricultural 
pollution but not other forms of disturbance. Or when the TV was determined for this 
taxon, it was a different species than the one we collected in our study.  
Table E1. lists the most abundant5 taxa and their TVs, any of these animals could 
be used as species-level indicators of water quality in fair or good streams. Most of the 
                                                
5 To be clear, I am not using the most abundant taxa because of water quality indications, 
rather I am using the most abundant because when 10 or more individuals cluster together 
on a NJ tree my determination of a species is more confident.  
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Chironomids have TV’s of 6.7 or less, an indication that our streams are not severely 
impacted.  
Table E1. Chironomidae tolerance values (from EPA 2005 unpublished data) of taxa 
found in my study. For interim species, the TV is assumed to be the same for the species.  
Taxon Station # of 
individuals 
Tolerance Value 
Polypedium aviceps 11 41 5.3 
Tanytarsus sp.1 11 17 6.0 
Thienemannimyia sp. 3, 4 11 11 5.2 
Cladotanytarsus sp. 1, 2, 4, 5 12 64 5.5 
Dicrontendipes sp. 1, 2, 3 12 20 6.7 
Orthocladius oliveri sp. 1, 2 12 17 5.0 
Orthocladius rivulorum 12 25 5.0 
Cricotopus sp. 1 12 11 6.3 
Orthocladius dorenus sp. 1 and 2 12 38 4.7 
Sublettea sp. 1 Both but common @ 12 19 2.0 
Tanytarsus guerlus sp. 1, 2 Both but common @ 12 28 6.3 
Orthocladius dorenus sp. 3 Both 74 4.7 
Corynoneura sp. 1, 2 Both 23 6.7 
Eukiefferiella brevical.car sp. 1 Both 58 5.0 
Orthocladius rivicola Both 30 5.0 
Parametriocnemus sp. 1 Both 18 3.7 
Rheocricotopus robacki Both 22 4.7 
Tvetenia paucunca Both 15 5.8 
Rheotanytarsus sp. 1 to 6 Both 44 4 
 
In a 2008 study by Sinclair and Gresens, Chironomidae were barcoded using the 
CO1 gene and species groups were determined using a 2.32 % divergence (this is the 
mean, actual divergence ranged from 0-22%). Orthocladius dorenus split into two 
distinct genetic groups. This is an interesting finding as the results of my study indicated 
three distinct groups (O. dorenus sp. 1, 2, and 3)6. Orthocladius oliveri was also barcoded 
                                                
6 See Appendix E, Figures E1 and E2 for trees with species groups 
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in the Sinclair and Gresens (2008) study and only one species group was determined. 
However, my study determined there to be two species groups7.  
Also notice that for pollution intolerant groups (EPT) the number of exclusive 
species at Station 11 is higher than at Station 12. For the pollution tolerant groups 
(Diptera) the opposite is true: Station 12 has more exclusive species than 11. The most 
abundant species in all insect groups except Plecoptera were found at both stations 
(Colepotera: O. ovalis, Ephemeroptera: E. dorothea, Trichoptera: H. betteni, Non-
Chironomid Diptera: Prosimulium complex, and Chironomidae: O. dorenus sp. 3). 
Abundance numbers also reflect the difference between the stations: Station 11 has a 
larger number of Non-Diptera insects and Station 12 has a larger number of Diptera 
insects. This is reflected in the MAIS scores, Station 11 is 14.6 and Station 12 is 9.4. But 
typically there is a coinciding increase in species richness with sample size.  
Both stations have similar anthropogenic land use influences. Station 11 is 
surrounded by 62% pasture, 18% cultivated crops and 17% forest while Station 12 has 
64% pasture, 16% cultivated crops, and 15% forest. The water chemistry is different at 
both sites, with Station 12 having higher levels of dissolved organic carbon, sulfates and 
nitrates. This abiotic information tells us a lot about the stream itself but more detailed 
information on the ecology of the organisms themselves is needed. Hebert et al. (2004a) 
describe specific data for each species of Astraptes butterfly; food plants, local ecosystem 
(e.g. rain forest, dry forest, etc.), immature morphology and other information is known 
for each specimen. This detailed ecological description supports the barcoding species 
determinations. This is what we need for our specimens, and this is what is most difficult 
                                                
7 Figures E2, E3, and E4 show the species groups for all studies.  
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to obtain, animals in such a dynamic environment never stay in one place or eat one type 
of food.  
 
Comparisons of the Three Methods of Identification 
For almost every order, barcoding indicated more species than expert 
taxonomists, giving us a new idea of biodiversity in Pennsylvania streams. Table E2 
summarizes the number of species identified by each method for each group. Coleoptera 
is the only case where barcoding and experts determined the same number of species, 
possibly due to the low abundance and diversity of Coleoptera in the White Clay Creek. 
Typical of most fresh water streams, Chironomids had the highest diversity in White Clay 
Creek (59% of the species using the barcode method). Taxonomy of this group is difficult 
because most morphological characteristics are found on the head capsule and require 
slide-mounted specimens and often keys are not developed for all regions.  
Table E2. Total. Number of species by identification method, all stations and all groups 
Group Amateur sp. # Expert sp. # Barcoding sp. # 
Coleoptera 0 6 6 
Ephemeroptera 0 6 15 
Plecoptera 0 0 6 
Trichoptera 0 9 14 
Non-Chironomidae Diptera 0 3 11 
Chironomidae 0 20 75 
 
The amateur had the highest and most frequent error rate when identifying 
specimens; 8% error in the group Ephemeroptera and 9 % in the Trichoptera. All errors 
can be attributed to the amateur attempting to identify to lower taxonomic levels beyond 
Family. The amateur identified all the orders correctly, but TVs for order at times were 
significantly different than family or genus level TVs. Most volunteer groups can identify 
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to order or family, but this limits the amount of information regarding biodiversity that is 
gathered from a site.  
The errors of experts focused on instances where barcoding revealed cryptic 
species or when barcoding could identify a very small specimen when experts could not 
see the specimen’s characteristics. Sampling during the spring (March 10, 2008 in my 
study) produced small individuals, early spring or fall samples provides larger individuals 
and would help aid in identification. Most times experts were able to identify to the 
correct genus, but not for all specimens in a barcoding species group. For example in 
Coleoptera, experts identified the genus Oulimnius correctly for 79% of the specimens in 
the species group O. latiusculus. Excluding Plecoptera, experts had a 70% or higher 
success rate at genus level identifications, but only a 34% success rate at the species 
level.  
Barcoding errors were limited to barcode failure8. As stated in the Results section, 
barcoding failed significantly for groups like Oligochaeta, Bivalvia, Acari, and a few 
families of Trichoptera. Some of the reasons for these errors could include the lack of 
sufficient primers (as in the case of Oligochaeta), contaminations, exposure to sunlight 
(UV light degrades DNA), and small sample size (as in the case of Plecoptera). I think 
most of the insect errors have to do with such a small sample size, some of the stoneflies 
were less then 2 mm in length and the legs were difficult to find and remove let alone 
find in a tube almost 13 mm long. As of this moment, the CCDB is still unsure of the 
cause of the high error rate in Oligochaeta, but bad primers are suspected.  
                                                
8 See Table D1 in the results for a complete list 
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Out of the three methods, barcoding proves to be the one that determines the most 
insect species with a high accuracy.  
 
Importance of Species Level Identifications in Water Quality Determinations 
Many studies have shown the utility of species-level identifications (Marchant 
2007, Reynoldson and Metcalfe-Smith 1992, Arscott et al. 2006, Resh and Unzicker 
1975), using one group and focusing on species level can provide accurate stream health 
assessment and can test for specific contaminants.  
This study is not the first that attempts to identify species by alternative means to 
traditional taxonomy. When examining the genus Phoebis, Allyn and Downey (1977) 
employed varying wavelengths of ultraviolet light to visualize the different patterns on 
the ventral side of butterflies. This method was effective, but is limited in practice to 
Lepidopteran species that possess the U-V reflective scales. Burns (1996) examined 
genitalia to reveal differences in morphology that led to the discovery of new species. 
MacDonald and Harkrider (1999) used ribosomal DNA to aid in distinguishing species of 
Empididae. Gibbs et al. (1998) used species-specific microsatellite DNA to differentiate 
between six populations of the mayfly Siphlonisca aerodromia. Barcoding is a relatively 
new method, but is proving useful for identifying new and problematic species (e.g., 
species difficult to identify with traditional taxonomy) (Burns et al. 2008, Hebert et al. 
2004a, Hebert et al. 2004b, Janzen et al. 2005). 
Species-level identifications are important in the following instances: 
management decisions that require high confidence level results, when minute 
distinctions between streams/sites need to be detected and the results are used to surmise 
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the water quality problem, when selecting sites for conservation due to the presence of 
rare species, and for data acquisition (Lenat and Resh 2001). Most stream evaluation 
indices focus on the aquatic macroinvertebrate community as a whole and fail to use 
species-level taxonomy, but there are some advantages to limiting the sampling to one 
group or taxa and focusing on the species composition (Reynoldson and Metcalfe-Smith 
1992). It is important to note for species-level identifications that community structure 
can exhibit seasonal changes in species composition (Davies and Hawkes 1981). 
Discriminations between sites are more accurate when using species-level 
identifications (Reynoldson and Metcalfe-Smith 1992, Schmidt-Kloiber and Nijboer 
2004). For precise stream assessments and instances where restoration decisions need to 
be made, higher level taxonomy in biological monitoring should be used to determine 
water quality, however, this does not always happen. One should always verify 
taxonomic information in ecological studies as failure to do so can cause inadvertent 
errors in decision-making. It is important to recognize all species when using 
bioindicators for habitat assessment as unrecognized sibling and cryptic species can alter 
the entire understanding of ecosystem health (Bortolos 2008, Gervasio et al. 2004). 
Arscott et al. (2006) examined aquatic macroinvertebrate communities in New York 
watersheds and found that species level identifications enabled them to describe the site 
in more detail, however they were still able to discriminate between sites with only 
family-level identifications. I think it is important to note that in the Arscott et al. (2006) 
study only 36% of Non-Chironomid insects and 60% of Chironomids were identified to 
species and this may have an impact on site evaluations based on species-level 
identifications. Species in the genus Montastraea (Cnidaria > Anthozoa > Scleractinia), 
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Phragmites (Poaceae), Heleobia (Gastropoda), Spartina (Poaceae), and Anopheles 
(Diptera: Culicidae) have all been subjected to misidentifications resulting in incorrect 
judgments and decision in regards to ecological studies (Bortolos 2008). In this study we 
often found instances where barcoding revealed multiple species within the same genus 
(e.g. Serratella deficiens sp. 1 and 2). Certain taxa are finding one station more beneficial 
than the other (e.g. Hydropsyche sparna, Cladotanytarsus sp. 1, Polypedilum aviceps) 
and yet we don’t know why, however they are often treated the same way in calculating 
water quality. Basically the community is much more complex than expert taxonomists 
are able to determine at this time and we don’t know how that will ultimately affect the 
presently used metrics. 
There is a lack of consistency in taxonomic resolution and expertise when it 
comes to aquatic macroinvertebrates (Lenat and Resh 2001). Usually the organisms are 
collected when they are in an immature stage, if they are small in size and lack 
morphological characteristics identification can be difficult (this isn’t always the case if 
they are collected just before emergence and individuals are large with all traits). The 
numbers of experts in this field are decreasing, species level studies are typically costly, 
and funding is highly competitive (Lenat and Resh 2001, Hewlett 2000). Volunteer 
groups are very useful when government funding is limited. However, these programs 
require the aid of an expert taxonomist to confirm identification to insure the correct 
stream assessment.  
Comparisons between genus-level and family-level stream assessments show a 
similar ability to distinguish between streams (Waite et al. 2004, Feminella 2000). 
However, there are different results when genus-level assessments are compared to 
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species-level. Schmidt-Kloiber and Nijboer (2004) compared stream assessments based 
on species-level, genus-level, and family-level identifications and found that water 
quality classifications based on genus and family were different than those based on 
species-level 40% to 50% of the time. Bailey et al. (2001) also looked at genus/species-
level identifications and compared them to family-level identifications to see if additional 
information about deviations from healthy streams could be found. According to their 
analysis, genus/species level identifications do provide a more effective method in 
detecting the impacted streams. They argue though that overall biodiversity from site to 
site may have an impact on the ability to detect the variability from site to site within a 
stream. Engel and Voshell (2002) compared stream assessments by volunteers and 
professionals (Rapid Bioassessment Protocols as described in Barbour et al. 1999). They 
found that the two only agreed 65% of time, because volunteers misidentified the insects 
leading to inaccurate ecological assumptions. Greater accuracy of the identification of 
insects could help these volunteer programs with their metrics and therefore habitat 
assessments. Hannaford and Resh (1995) tested 14 student groups from the University of 
California, Berkley, and found 30% of the students had errors in macroinvertebrate 
identifications and functional feeding group determinations. The water quality rating for a 
site changes whether you use order, family or species-level identifications and if these 
volunteer groups are only able to identify to the higher taxonomic levels, streams 
everywhere could be assessed incorrectly.  
Lenat and Resh (2001) discuss the importance of rare species. Very often water 
quality metrics rely on dominant and the most abundant taxa, but the presence or absence 
of rare species can also be indicative. It has been found that when including rare taxa 
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(any with small distribution or low abundance) that more information could be deduced 
regarding a stream’s health, but this adds to the cost of the study (Nijboer and Schmidt-
Kloiber 2004). Arscott et al. (2006) point out that rare taxa can account for the majority 
of insects found, in their New York study rare taxa made up 40-60% of taxa. In a Resh et 
al. (2005) study rare taxa accounted for 20 to 30% of the samples.  
Tolerance values within families (even genera) can vary from species to species 
making biological monitoring based on family alone inadequate. Lenat and Resh (2001) 
examined data on several species belonging to the genus Ceraclea (Trichoptera: 
Leptoceridae) and found that the species fell into two different tolerance categories 
(tolerant or intolerant). Tolerance values are most often assigned arbitrarily to species 
based on previous known family or genus tolerance values (Lenat and Resh 2001). This 
can create huge errors when we find new species in water quality assessments. Bailey et 
al. (2001) asked the question of whether or not genus/species-level identifications yield 
more information for biological water quality assessments; they found that there was as 
much variation in TV of families within orders as there was for genera within families. 
They argue that determining the impact of pollution via TV of genus/species-level 
identifications does not add a significant amount of information when compared to 
family-level identification.  Another problem with tolerance values is that some species 
respond differently to different types of pollution; some insects are sensitive to fertilizer 
inputs, but not to sediment loads (Chessman and McEvoy 1998). TVs can’t make the 
distinction between pollutants, only species composition combined with stream chemistry 
can do that. 
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It has been found that under one genus of mayfly, Stenonema, 14 species fell 
under three different tolerance categories (intolerant, facultative, and fairly tolerant to 
pollution) (Lewis 1974). Species of mayfly have been shown to respond to various metal 
pollution, with Baetis species showing a high sensitivity while others like Rhithrogena 
hageni were able to tolerate a higher level (Courtney and Clements 2000).  
Where a large mesh size (>250-mm) is used or small individuals are not counted 
(Roy et al. 2003) many taxa (e.g., chironomids and small, immature insects) are lost 
resulting in an unknown loss of diversity. Barber and Kevern (1974) also examined the 
effects of mesh size on the number of insects collected throughout the year and found that 
a smaller mesh size (0.25 mm vs. 0.50 mm) was able to sift more individuals during those 
times when most of the animals were at a smaller life stage. A smaller mesh size screen is 
recommended when quantitatively estimating aquatic macroinvertebrates in a stream 
(Barber and Kevern 1974, Nalepa and Robertson 1981). Taylor et al. (2001) presented 
another quantitative method for sampling aquatic macroinvertebrates with the use of an 
electroshocker with Hess and Surber samplers. However, this method’s results created 
biases in EPT richness. Other studies eliminate entire groups (Oligochaeta, 
Chironomidae, several families of Trichoptera) due the lack of species-level taxonomy 
and unknown pupal taxonomy (Bournard et al. 1996). 
In this study, the barcoding method revealed cryptic species (i.e. Seratella 
deficiens, Prosimulium arvum, Cricotopus tremulus, Orthocladius dorenus) that were not 
indicated by traditional taxonomy. Burns et al. (2008) also discovered cryptic species 
using DNA barcoding of the CO1 gene. Other insect barcoding studies have found that 
including detailed ecological and life history information supports barcode species 
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determinations and aides in describing the species (Burns et al. 2008, Hebert et al. 2004a, 
Janzen et al. 2005). TVs, taxonomy, ecology, and biology of these species have yet to be 
determined and this unknown information could make a significant impact on species-
level identifications in bio-monitoring. By combining classic techniques with the barcode 
method the true diversity and abundance of a community can become more precise. 
Chironomids present a unique opportunity to focus on one group of insects that 
are both abundant and diverse in fresh water streams. Davies and Hawkes (1981) found 
that there was a clear species-level response of Chironomidae to water quality with 
species like Chironomus riparius showing a high pollution tolerance. When 
Chironomidae is identified to family level only significant information is lost as the 
number of genera found could total more than 100 (Waite et al. 2004). Chironomidae 
abundance does increase with increases in organic matter, however the subtle species 
compositional changes were undetected in the delRosario et al. (2002) study as they only 
identified to genus. Also, the known genera they used had similar tolerance values, so 
comparisons between sites proved difficult. Barcoding could be very useful here in 
identifying the species and aiding the scientists in detecting true tolerance values.  
 
Successful Barcoding as a Water Quality Tool 
DNA barcoding is a useful tool where small specimen size, life stage, and 
identification keys are not fully developed to verify identifications. Other aquatic 
organisms have been barcoded, such as Daphniidae, rotifers (Phylum Rotifera), 
Collembola (Ball et al. 2005), mayflies (Ball 2005), snails (Dillon and Robison 2009), 
and Chironomids (Sinclair and Gresens 2008). When using DNA to identify closely 
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related species, mitochondrial DNA should be used due to the fact that it is passed 
maternally, is not affected by recombination, has a high mutation rate and a simple 
genetic structure (Funk and Omland 2003). Barcoding is a useful tool in species 
identifications and could be used as an automated, time- and cost-efficient (as compared 
to traditional taxonomic methods using multiple man hours) method for aquatic 
biomonitoring. 
Bailey et al. (2001) discussed the need for a reference library and the lack of 
taxonomic information and experts if genus/species-level identifications are to be used in 
water quality assessments. With the online BOLD system, and efforts of other 
organizations like GenBank and Google, libraries are coming online and are accessible 
(Salzberg et al. 2004).  
Ball et al. (2005) used the cytochrome c oxidase (CO1) mitochondrial gene to 
generate barcodes of Ephemeroptera species and found that barcoding was effective. 
Their sample size was significantly smaller, only 150 specimens totaling 70 species were 
used for the study. Sinclair and Gresens (2008) found that DNA barcoding of the CO1 
gene is a useful tool when identifying species of Cricotopus and Orthocladius. Using a 
1% divergence, barcoding correctly identified all but one of the specimens. In 2008, 
Ficetola et al. conducted a study that tested the environment for DNA of a frog species 
(Rana catesbeiana) to determine its presence. This is advantageous when a species 
cannot be sampled easily, is secretive, or rare. Ficetola et al. (2008) were able to verify a 
species presence or absence in controlled and field settings and even when the species 
was present at low densities. However, it still remains to be determined how long DNA 
particles can persist in the environment.  
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The barcoding method does present a few concerns as it may have species level 
identification limitations because it uses a mitochondrial gene (Ball et al. 2005). In the 
rare cases where hybridization is suspected, nuclear DNA should be compared because 
hybrids will not be distinguishable by examining mitochondrial DNA only (Ball et al. 
2005). Barcoding is not 100% successful, however the same is true of traditional 
taxonomic methods and barcoding overall is more accurate. Song et al. (2008) discuss the 
problem of numts (non functional nuclear mitochondrial genes) that can be amplified 
during the barcoding process and give false readings. They argue that without quality 
controls in place barcoding could reveal more species than are actually present. Most 
arthropods, excluding Diptera, seem to have a significant amount of numts present (Song 
et al. 2008). In light of these findings, the case of barcoding Chironomids for water 
quality determinations is even stronger.  
When cryptic species are determined by barcoding there is a lack of taxonomic 
information, which requires further investigations by taxonomists, ecologists, and 
biologists to ‘name’ this ‘new’ species (Stribling et al. 2003). Some in the scientific 
community assume that barcoding dissolves the utility of traditional taxonomy (Stribling 
2006, Will and Rubinoff 2004, Wheeler 2004), but DNA information means nothing 
without a full understanding of the organism’s taxonomy, biology and ecology (Scotland 
et al. 2003). To make reliable metrics ecological information is also important in 
classifying anthropogenic effects in fresh water ecosystems (Fore et al. 1996).   
There are multiple tools for sampling, identifying and analyzing water quality that 
complicates creating a unified system of biological monitoring in fresh waters (Yoder et 
al. 2001). In discussing this problem with a member of the Delaware River Basin 
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Commission her frustration in trying to unify the biological data was evident. The 
Delaware River Basin Commission had the frustration of trying to unify biological data 
among states (New York, New Jersey, Pennsylvania, and Delaware) and different 
methods (i.e., 12 classifications) for the 2008 State of the Basin Report for the Delaware 
River (Delaware River Basin Commission personal communication). Carter and Resh 
(2001) surveyed state agency methods and found that there is a significant inconsistency 
in data acquisition and interpretation. A quantitative sampler (i.e., surber or Hess) can 
enable a study to measure densities and species abundance, but in the Carter and Resh 
(2001) survey less than 10% of the studies used a quantitative sample method. There 
were similar inconsistencies in net mesh size, area of stream sampled, field sorting and 
laboratory processing which can alter a stream’s assessment. Long term monitoring and 
data acquisition are important aspects of aquatic biological monitoring. Creating 
databases that are accessible and effective could facilitate uniformity among studies 
(Jackson and Füreder 2006). Barcoding could be the method to create these databases. 
 This study shows how barcoding can reveal ‘new’ species, which leads to more 
questions (e.g., life history, problematic keys, affect on water quality analysis, etc). More 
barcoding is needed to create a more effective and complete library. Further collections 
should concentrate on an array of ecosystems and habitats to provide the most qualitative 
samples.  
 
Conclusion 
There is a long history of using aquatic insects to monitor water quality in 
freshwater systems. Responsible biological monitoring is an essential tool in the 
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conservationists’ tool box, and barcoding adds yet another tool. Barcoding enables 
scientists to determine species composition and stream quality designations are more 
accurate when species are used to calculate metrics. By ascertaining the names of these 
insects and understanding their ecology an entirely new and different perspective can be 
gained on life under the water.  
Barcoding would be most useful when used as an additional tool combined with 
the well-established tenets of ecology, biology and taxonomy. The method is by no 
means perfect, but I feel that it has the immediate potential to make a significant 
difference in the way we look at biological monitoring and the evaluation of stream 
habitats. The hope for the future of this project is to incorporate DNA barcoding into 
EPA water quality testing to increase accuracy, decrease cost, and hasten implementation 
of mitigation techniques to enhance stream recovery. 
“A name can confer familiarity, recognition. You cannot dismiss people readily if 
you know their name – it gives them a place in this world, a history, it makes them real” 
(Holloway 2006). And this is what we endeavor to do – let’s give our insect friends a 
name and make them tangible to the every day person so we can save what we have left 
for future generations. Barcoding can be the key to uniting efforts and improving 
legislation that will enable us to restore our invaluable sources of water.  
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Appendix A 
 
 
Figure A1. Graphical representation of the River Continuum Concept from Vannote et al. 
1980.  
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Table A1. Tolerance Values (TV) of various insect orders and families collected as a part 
of this study. Values of 0 to 5 indicate pollution sensitive taxa while values of 6 to 10 
indicate pollution tolerant taxa (Smith and Voshell 1997). 
 
Taxon TV 
Ephemeroptera 1 
Baetidae 4 
Ephemerellida 4 
Heptageniidae 4 
Oligoneuridae 2 
Ephemeridae 4 
Leptophlebiidae 2 
Plecoptera 5 
Leuctridae 0 
Capniidae 1 
Trichoptera 3 
Hydropsychidae 6 
Hydroptilidae 6 
Philopotamidae 3 
Uenoidae 4 
Rhyacophilidae 0 
Psychomyiidae 2 
Coleoptera 5 
Elmidae 4 
Psephenidae 4 
Diptera 5 
Ceratopogonidae 6 
Chironomidae 6 
Simuliidae 6 
Tipulidae 3 
Empididae 6 
Acari 5 
Oligochaeta 8 
 
 
 
 
 
 
 
 
 
 
 
 
 
51 
 
Table A2. 10 Metrics used to calculate MAIS score (adapted from Smith and Voshell 
1997) 
Category Metric Explanation Expected Response 
to Perturbation 
Richness EPT Index Number of 
Ephemeroptera, 
Plecoptera, and 
Trichoptera families 
Negative 
Richness # Mayfly Taxa Number of 
Ephemeroptera 
families 
Negative 
Composition % EPT % Abundance of 
Ephemeroptera 
nymphs, Plecoptera 
nymphs, and 
Trichoptera nymphs 
and pupae 
Negative 
Composition % Mayflies % Abundance of 
mayfly nymphs 
Negative 
Balance % 5 Dominant Taxa % Abundance of the 
5 most abundant 
taxa combined 
Positive 
Balance Simpson Diversity 
Index 
Integrates richness 
and evenness into a 
measure of general 
diversity 
Negative 
Tolerance # Intolerant Taxa Number of 
macroinvertebrate 
families with 
tolerance values of 5 
or less 
Negative 
Tolerance HBI (Hilsenhoff 
Biotic Index) 
Weighted sum of 
total taxa by 
pollution tolerance 
Positive 
Trophic % Scrapers % Abundance of 
macroinvertebrates 
scraping and 
feeding upon 
periphyton 
Negative 
Habit % Haptobenthos % Abundance of 
macroinvertebrates 
requiring clean, 
coarse, firm 
substrates 
Negative 
 
52 
Appendix B 
 
Table B1. Site 11 Information from Stroud Water Research Center. 
Location  
Site Number 11 
Description Upstream of Spencer Rd at the Stroud Water Research 
Center, Avondale 
Lat Long (hr min sec) 39°51.785’ N, -75°47.043’ W 
Land Use  
Watershed area above site (km2) 7 
Population density (#/km2) 32.8 
Percent pasture/hay 62 
Percent cultivated crops 18 
Percent forest 17 
Percent canopy 16.6 
Percent imperviousness 0.1 
Chemistry*   
Nitrate (mg/L) 3.76 
Ammonium (mg/L) 0.01 
Total phosphorus (mg/L) 0.027 
Soluble reactive phosphorus (mg/L) 0.045 
Sulfate (mg/L) 18.00 
Alkalinity (mg/L CaCo3) 58.38 
pH 7.73 
Conductivity (!mhos) 200 
Dissolved organic carbon (mg/L) 1.55 
Macroinvertebrate Data  
Years sampled 1991-2001, 2003-2005  
MAIS score 13.2 
MAIS score rating  good 
1st most abundant  Ephemerellidae (spiny crawler mayflies) 
2nd most abundant Chironomidae (midges) 
3rd most abundant Hydropsychidae (common netspinner caddisflies) 
4th most abundant Elmidae (riffle beetles) 
5th most abundant Simuliidae (black flies) 
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Table B2. Site 12 Information from Stroud Water Research Center 
Location  
Site Number 12 
Description At Rosazza Orchards off of Glen Willow Rd north of 
Avondale 
Lat Long (hr min sec) 39°50.146’ N, -75°46.915’ W 
Land Use  
Watershed area above site (km2) 28 
Population density (#/km2) 76 
Percent pasture/hay 64 
Percent cultivated crops 16 
Percent forest 15 
Percent canopy 14.5 
Percent imperviousness 0.7 
Chemistry  
Nitrate (mg/L) 4.75 
Ammonium (mg/L) 0.04 
Total phosphorus (mg/L) 0.024 
Soluble reactive phosphorus (mg/L) 0.049 
Sulfate (mg/L) 27.77 
Alkalinity (mg/L CaCo3) 91.79 
pH 7.98 
Conductivity (!mhos) 308 
Dissolved organic carbon (mg/L) 1.91 
Macroinvertebrate Data  
Years sampled 1991-1999, 2003-2004 
MAIS score 7.3 
MAIS score rating  fair 
1st most abundant Chironomidae (midges) 
2nd most abundant Oligochaeta (aquatic earthworms) 
3rd most abundant Hydropsychidae (common netspinner caddisflies) 
4th most abundant Elmidae (riffle beetles) 
5th most abundant Tipulidae (crane flies) 
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Figure B1. Roberta Weber and Jan Battle collecting surber samples from Station 11 on 
March 10, 2008 
 
 
Figure B2. Roberta Weber pouring the bucket (now with 4 surber samples in it) into the 
splitter, sample 1, at Station 11 on March 10, 2008 
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Figure B3. Jan Battle and Roberta Weber sampling macroinvertebrates at Station 12 on 
March 10, 2008.  
 
 
Figure B4. Station 12, White Clay Creek at Rosazza Orchards on March 10, 2008.  
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Figure B5. Sally Pierson splitting the Sample 1 bucket into one quarter using the splitter 
(note the yellow cross that divides the contents into 4 equal parts) and then adding ETOH 
to the sample to preserve the macroinvertebrates, at Station 11 on March 10, 2008. 
 
 
Figure B6. After the tissues have fixed, Mike Broomall subsamples one of the six 
samples using another type of splitter. Once the contents of each spit section are placed 
into a plastic container 95% ETOH is added. Labels indicating the site and sample 
number and subsample size are added to each container. 
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Figure B7. DM39Z Digital Stereo Microscope and Motic Images program running on 
Dell laptop 
 
 
Figure B8. Digital image of a Hydrophyschid caddis fly larvae (specimen 08-SWRC-
0890), a leg was taken from this individual for a tissue sample. 
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Figure B9. Tissue collection from specimen (this photograph courtesy of Dr. Daniel 
Janzen, the individual pictured is a Tachinidae parasite of Costa Rican Lepidoptera but 
the process remains the same regardless of specimen type). 
 
 
Figure B10. Placing tissue sample and paper with voucher code label in the Matrix box 
tube. 
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Figure B11. Filling tube with 95% ETOH 
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Appendix C 
 
 
 
Figure C1. “SpecimenData” excel file designed by Alex Borisenko from the Canadian 
Centre for DNA Barcoding. Data is entered in such a way that the unique voucher code 
connects information to a specimen.  
 
Table C1. Taxonomic groups and their tissue sample taken for DNA testing 
Taxon Body Part 
Plecoptera Leg 
Trichoptera Leg 
Ephemeroptera Leg 
Hemiptera Leg 
Megaloptera Leg 
Coleoptera Leg 
Odonata Leg 
Lepidoptera Proleg 
Acari Leg 
Crustacea Leg 
Diptera Abdomen 
Hirundinea Segment 
Oligochaeta Segment 
Nematoda Portion of body 
Platyhelminthese Portion of body 
Mollusca Portion of body 
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Table C2. Reagents for DNA Extraction Using Glass Fiber Plates (from Ivanova et al 
2006, Ivanova et al 2008). 
 
 
Table C3. Disposables and Equipment for DNA Extraction Using Glass Fiber Plates 
(from Ivanova et al 2006, Ivanova et al 2008) 
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Table C4. Basic Recipe for Polymerase Chain Reaction (PCR) per 12.5 !l reaction (From 
Ivanova and Grainger 2008a). 
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Table C5. Primer sets used by the CCDB (from Ivanova and Grainger 2008c) 
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Figure C2. Section of the Plecoptera NJ Tree generated September 25, 2008 showing 
three unique species. The MEGA program arranges the samples in such a way that the % 
difference in the DNA is a defined length on the tree. This section shows that the 
individuals with the voucher codes 08-SWRC-0877, 08-SWRC-0836, and 08-SWRC-
1247 are all one species. The branch below it shows distances greater than 2%, 08-
SWRC-1705 and 08-SWRC-0861 are two additional species.  
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Appendix D 
 
 
Figure D1. Trichoptera divergence histogram, gap between the first two peaks is indicative of our 
cut off percent. 
 
 
Figure D2. Trichoptera histogram close up, again indicative of the 2% cut off 
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Figure D3. Histogram for the Family Chironomidae 
 
 
Figure D4. Close of up Chironomidae species level divergence.  
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Figure D5. Ephemeroptera histogram showing the 2-3% divergence cut off 
 
 
Figure D6. Portion of the final Tipulidae NJ tree. Barcoding analysis has revealed two species of 
Antocha, one common at station 12 and rare at 11, another common at station 11 and rare at 12. 
Specimen 08-SWRC-1123 is from the genus Tipula.  
Species 2. 
Species 1. 
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Figure D7. Coleoptera NJ tree, all specimens. 
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Figure D8. Close up on the Stenelmis split in the Coleoptera tree. Specimens 08-SWRC-1712 
down to 08-SWRC-1516 have been designated as Stenelmis sp. 1. Specimens 08-SWRC-1523 
down to 08-SWRC-1719 have been designated as Stenelmis sp. 2. 
 
Sp. 1 
Sp. 2 
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Figure D9. Ephemeroptera tree page 1. 
 
Serratella 
deficiens sp. 1 
Serratella 
deficiens sp. 2 
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Figure D10. Ephemeroptera tree page 2.  
Serratella 
deficiens sp. 2 
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Figure D11. Ephemeroptera tree page 3.  
73 
 
Figure D12. Ephemeroptera tree page 4. 
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Figure D13. Trichoptera NJ tree, page 1.  
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Figure D14. Trichoptera NJ tree, page 2.  
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Figure D15. Close up of the Trichoptera tree, note that H. slossonae is only found at station 11, 
and H. bronta is only found at station 12.  
 
 
 
H. slossonae 
H. bronta 
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Figure D16. Non-Chironomid Diptera NJ tree, page 1.  
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Figure D17. Non-Chironomid Diptera, page 2. 
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Figure D18. Chironomidae NJ tree, page 1 
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Figure D19. Chironomid NJ tree, page 2.  
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Figure D20. Chironomid NJ tree, page 3.  
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Figure D21. Chironomid NJ tree, page 4 
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Figure D22. Chironomid NJ tree, page 5.  
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Figure D23. Chironomid NJ tree, page 6. 
 
85 
 
Figure D24. Chironomid NJ tree, page 7. 
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Figure D25. Chironomid NJ tree, page 8. 
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Table D8. Coleoptera specimens and species determinations by the three different methods. 92
Coleoptera 2% tree
Amateur Expert Barcoding 
Voucher Taxonomy Taxonomy species ID
08-SWRC-1713 Elmidae Macronychus glabratus Macronychus glabratus
08-SWRC-1503 Elmidae Macronychus glabratus Macronychus glabratus
08-SWRC-1047 Elmidae Oulimnius Oulimnius latiusculus
08-SWRC-1046 Elmidae Oulimnius Oulimnius latiusculus
08-SWRC-1499 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1708 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1707 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1041 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1274 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1374 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1260 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1049 Elmidae Oulimnius Oulimnius latiusculus
08-SWRC-1710 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1279 Elmidae Elmidae Oulimnius latiusculus
08-SWRC-1258 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1043 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1709 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1498 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1706 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1280 Elmidae Elmidae Oulimnius latiusculus
08-SWRC-1722 Elmidae Elmidae Oulimnius latiusculus
08-SWRC-1257 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1506 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1259 Elmidae Oulimnius latiusculus Oulimnius latiusculus
08-SWRC-1721 Elmidae Elmidae Oulimnius latiusculus
08-SWRC-0709 Elmidae Elmidae Oulimnius latiusculus
08-SWRC-1376 Elmidae Oulimnius Optioservus ovalis
08-SWRC-1519 Elmidae Elmidae Optioservus ovalis
08-SWRC-1387 Elmidae Elmidae Optioservus ovalis
08-SWRC-1039 Elmidae Optioservus ovalis Optioservus ovalis
08-SWRC-1044 Elmidae Elmidae Optioservus ovalis
08-SWRC-1269 Elmidae Elmidae Optioservus ovalis
08-SWRC-1718 Elmidae Elmidae Optioservus ovalis
08-SWRC-1717 Elmidae Elmidae Optioservus ovalis
08-SWRC-1266 Elmidae Elmidae Optioservus ovalis
08-SWRC-1509 Elmidae Elmidae Optioservus ovalis
08-SWRC-1720 Elmidae Elmidae Optioservus ovalis
08-SWRC-1055 Elmidae Elmidae Optioservus ovalis
08-SWRC-0715 Elmidae Optioservus Optioservus ovalis
08-SWRC-1522 Elmidae Elmidae Optioservus ovalis
08-SWRC-1038 Elmidae Optioservus ovalis Optioservus ovalis
08-SWRC-1504 Elmidae Optioservus Optioservus ovalis
08-SWRC-1716 Elmidae Elmidae Optioservus ovalis
08-SWRC-1375 Elmidae Optioservus Optioservus ovalis
08-SWRC-1512 Elmidae Elmidae Optioservus ovalis
08-SWRC-1517 Elmidae Elmidae Optioservus ovalis
Table D8. Coleoptera specimens and species determinations by the three different methods. 93
Coleoptera 2% tree
Amateur Expert Barcoding 
Voucher Taxonomy Taxonomy species ID
08-SWRC-1521 Elmidae Elmidae Optioservus ovalis
08-SWRC-1037 Elmidae Optioservus ovalis Optioservus ovalis
08-SWRC-1045 Elmidae Elmidae Optioservus ovalis
08-SWRC-1715 Elmidae Elmidae Optioservus ovalis
08-SWRC-1263 Elmidae Elmidae Optioservus ovalis
08-SWRC-0714 Elmidae Optioservus Optioservus ovalis
08-SWRC-1511 Elmidae Elmidae Optioservus ovalis
08-SWRC-1061 Elmidae Elmidae Optioservus ovalis
08-SWRC-1518 Elmidae Elmidae Optioservus ovalis
08-SWRC-1525 Elmidae Elmidae Optioservus ovalis
08-SWRC-1284 Elmidae Elmidae Optioservus ovalis
08-SWRC-1058 Elmidae Elmidae Optioservus ovalis
08-SWRC-1268 Elmidae Elmidae Optioservus ovalis
08-SWRC-1050 Elmidae Elmidae Optioservus ovalis
08-SWRC-1372 Elmidae Optioservus Optioservus ovalis
08-SWRC-1508 Elmidae Elmidae Optioservus ovalis
08-SWRC-1505 Elmidae Optioservus Optioservus ovalis
08-SWRC-1711 Elmidae Optioservus Optioservus ovalis
08-SWRC-1267 Elmidae Elmidae Optioservus ovalis
08-SWRC-1281 Elmidae Elmidae Optioservus ovalis
08-SWRC-1275 Elmidae Elmidae Optioservus ovalis
08-SWRC-1520 Elmidae Elmidae Optioservus ovalis
08-SWRC-1271 Elmidae Elmidae Optioservus ovalis
08-SWRC-1382 Elmidae Elmidae Optioservus ovalis
08-SWRC-1378 Elmidae Elmidae Optioservus ovalis
08-SWRC-1510 Elmidae Elmidae Optioservus ovalis
08-SWRC-1529 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-0717 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1390 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1391 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1527 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1286 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1064 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1063 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1526 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1393 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1531 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1062 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1392 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1530 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1066 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1065 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1723 Psephenus Psephenus herricki Psephenus herricki
08-SWRC-1712 Elmidae Stenelmis Stenelmis sp. 2
08-SWRC-1493 Elmidae Stenelmis crenata Stenelmis sp. 2
08-SWRC-1256 Elmidae Stenelmis fuscata Stenelmis sp. 2
Table D8. Coleoptera specimens and species determinations by the three different methods. 94
Coleoptera 2% tree
Amateur Expert Barcoding 
Voucher Taxonomy Taxonomy species ID
08-SWRC-1386 Elmidae Stenelmis Stenelmis sp. 2
08-SWRC-1381 Elmidae Stenelmis Stenelmis sp. 2
08-SWRC-1497 Elmidae Stenelmis crenata Stenelmis sp. 2
08-SWRC-1495 Elmidae Stenelmis crenata Stenelmis sp. 2
08-SWRC-1516 Elmidae Stenelmis Stenelmis sp. 2
08-SWRC-1523 Elmidae Elmidae Stenelmis sp. 1
08-SWRC-1492 Elmidae Elmidae Stenelmis sp. 1
08-SWRC-1719 Elmidae Elmidae Stenelmis sp. 1
Table D9. Ephemeroptera specimens and species determinations by the three different methods. 95
Ephemeroptera 2% tree
Amateur Expert Barcoding 
Voucher Taxonomy Taxonomy species ID
08-SWRC-1008 Ephemerellidae Ephemerellidae Eurylophella sp. 2
08-SWRC-1240 Ephemerellidae Eurylophella Eurylophella sp. 2
08-SWRC-0992 Ephemerella Ephemerellidae Eurylophella sp. 2
08-SWRC-0801 Baetidae Baetis Baetis sp. 1
08-SWRC-0979 Baetidae Baetidae Baetis sp. 1
08-SWRC-1219 Baetidae Baetidae Baetis sp. 1
08-SWRC-1212 Baetidae Baetidae Baetis sp. 1
08-SWRC-1208 Baetidae Baetidae Baetis sp. 1
08-SWRC-1031 Ephemerellidae Baetidae Baetis sp. 1
08-SWRC-0813 Baetidae Baetidae Baetis sp. 1
08-SWRC-1441 Ephemeroptera Eurylophella Eurylophella sp. 1
08-SWRC-1167 Isonychiidae Isonychia bicolor Isonychia bicolor
08-SWRC-1183 Isonychiidae Isonychia bicolor Isonychia bicolor
08-SWRC-1168 Isonychiidae Isonychia bicolor Isonychia bicolor
08-SWRC-1166 Isonychiidae Isonychia bicolor Isonychia bicolor
08-SWRC-0923 Isonychiidae Isonychia bicolor Isonychia bicolor
08-SWRC-0742 Isonychiidae Isonychia bicolor Isonychia bicolor
08-SWRC-1020 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1222 Ephemerellidae Ephemerellidae Serratella deficiens sp. 1
08-SWRC-1228 Ephemerellidae Serratella Serratella deficiens sp. 1
08-SWRC-1018 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1227 Ephemerellidae Serratella Serratella deficiens sp. 1
08-SWRC-1192 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1226 Ephemerellidae Serratella Serratella deficiens sp. 1
08-SWRC-1225 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1678 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0972 Ephemerella Serratella Serratella deficiens sp. 1
08-SWRC-0829 Ephemeroptera Ephemerellidae Serratella deficiens sp. 1
08-SWRC-0826 Ephemerellidae Ephemerellidae Serratella deficiens sp. 1
08-SWRC-0825 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0964 Ephemerella Serratella Serratella deficiens sp. 1
08-SWRC-0822 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1241 Ephemerellidae Ephemerellidae Serratella deficiens sp. 1
08-SWRC-0821 Ephemerellidae Ephemerellidae Serratella deficiens sp. 1
08-SWRC-1030 Ephemerella Ephemerellidae Serratella deficiens sp. 1
08-SWRC-1239 Ephemerellidae Ephemerellidae Serratella deficiens sp. 1
08-SWRC-1238 Ephemerellidae Ephemerellidae Serratella deficiens sp. 1
08-SWRC-0818 Ephemerellidae Ephemerellidae Serratella deficiens sp. 1
08-SWRC-0817 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0816 Ephemerellidae Ephemerellidae Serratella deficiens sp. 1
08-SWRC-1235 Ephemerellidae Serratella Serratella deficiens sp. 1
08-SWRC-0954 Ephemerella Serratella Serratella deficiens sp. 1
08-SWRC-1199 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0744 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0951 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0994 Ephemerella Serratella deficiens Serratella deficiens sp. 1
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Ephemeroptera 2% tree
Amateur Expert Barcoding 
Voucher Taxonomy Taxonomy species ID
08-SWRC-1179 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1462 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0939 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0942 Ephemerellidae Serratella Serratella deficiens sp. 1
08-SWRC-1180 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0978 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0735 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0940 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1185 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1178 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1177 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0824 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1027 Ephemerella Ephemerellidae Serratella deficiens sp. 1
08-SWRC-0802 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1221 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1217 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0971 Ephemerella Serratella Serratella deficiens sp. 1
08-SWRC-1015 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0805 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1223 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1012 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0795 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1000 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1009 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0798 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0823 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1032 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0996 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1200 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0987 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1229 Ephemerellidae Serratella Serratella deficiens sp. 1
08-SWRC-0948 Ephemerella Serratella deficiens Serratella deficiens sp. 1
08-SWRC-0806 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1194 Ephemerellidae Serratella deficiens Serratella deficiens sp. 1
08-SWRC-1646 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1681 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1684 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1333 Ephemerellidae Serratella Serratella deficiens sp. 2
08-SWRC-1639 Ephemerellidae Serratella Serratella deficiens sp. 2
08-SWRC-1244 Ephemerellidae Serratella Serratella deficiens sp. 2
08-SWRC-1425 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1459 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1423 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1698 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1696 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1695 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
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Ephemeroptera 2% tree
Amateur Expert Barcoding 
Voucher Taxonomy Taxonomy species ID
08-SWRC-1694 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1659 Ephemerella Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1693 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1664 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1663 Ephemerellidae Ephemerellidae Serratella deficiens sp. 2
08-SWRC-1670 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1460 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1424 Ephemerella Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1669 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1323 Ephemerellidae Serratella Serratella deficiens sp. 2
08-SWRC-1672 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1465 Ephemerellidae Ephemerellidae Serratella deficiens sp. 2
08-SWRC-1324 Ephemerellidae Ephemerellidae Serratella deficiens sp. 2
08-SWRC-1674 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1463 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1677 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1640 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1679 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1469 Ephemerellidae Ephemerellidae Serratella deficiens sp. 2
08-SWRC-1644 Ephemerella Serratella Serratella deficiens sp. 2
08-SWRC-1329 Ephemerellidae Ephemerellidae Serratella deficiens sp. 2
08-SWRC-1647 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1435 Ephemerella Ephemerellidae Serratella deficiens sp. 2
08-SWRC-1680 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1470 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1683 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1473 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1332 Ephemerellidae Serratella Serratella deficiens sp. 2
08-SWRC-1682 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1692 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1691 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1690 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1689 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1688 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1686 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1685 Ephemerellidae Serratella deficiens Serratella deficiens sp. 2
08-SWRC-1334 Ephemerellidae Serratella Serratella deficiens sp. 2
08-SWRC-1438 Heptageniidae Stenonema Stenonema sp. 1
08-SWRC-1638 Heptageniidae Stenonema Stenonema sp. 1
08-SWRC-0937 Heptageniidae Stenonema modestum Stenonema modestum
08-SWRC-0938 Heptageniidae Stenonema Stenonema modestum
08-SWRC-0814 Heptageniidae Heptageniidae Heptageniidae sp. 1
08-SWRC-1457 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1436 Ephemerella Ephemerellidae Ephemerella dorothea
08-SWRC-1466 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-1656 Ephemerella Ephemerella dorothea Ephemerella dorothea
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08-SWRC-0988 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1209 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1434 Ephemerella Ephemerellidae Ephemerella dorothea
08-SWRC-0944 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1315 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1034 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1320 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1007 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1001 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1648 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1191 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1645 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1328 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-1013 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1431 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1184 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0794 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0828 Ephemeroptera Ephemerellidae Ephemerella dorothea
08-SWRC-0789 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0997 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0747 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0804 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0746 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1233 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1697 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-1220 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1213 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0750 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0975 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-0968 Ephemerella Ephemerellidae Ephemerella dorothea
08-SWRC-1231 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1204 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1188 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1025 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0963 Ephemerella Ephemerellidae Ephemerella dorothea
08-SWRC-0803 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1197 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1022 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1433 Ephemerella Ephemerellidae Ephemerella dorothea
08-SWRC-0868 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1203 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1476 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-1173 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1430 Ephemerella Ephemerellidae Ephemerella dorothea
08-SWRC-0811 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-0962 Ephemerella Ephemerellidae Ephemerella dorothea
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08-SWRC-0943 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-0815 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-1474 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-1671 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0966 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1321 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-0786 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1451 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1444 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0870 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-0797 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0990 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1443 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1211 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1205 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0956 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1218 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0810 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1206 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1016 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0993 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1642 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-0984 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1662 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0959 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1017 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0952 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1458 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1456 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0788 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0787 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1237 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-0989 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1653 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1021 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0800 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0748 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0991 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1195 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0982 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0977 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0969 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1214 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0791 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1665 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1314 Ephemerellidae Ephemerella Ephemerella dorothea
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08-SWRC-1475 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-1230 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1455 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0809 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1014 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0973 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-0961 Ephemerella Ephemerellidae Ephemerella dorothea
08-SWRC-1468 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1003 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1010 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0950 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1327 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-0752 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1210 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1655 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0986 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1673 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1330 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-1654 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1202 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1193 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-1198 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1440 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0949 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1652 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1023 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1445 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1447 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1657 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0995 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1452 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1245 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-1317 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1318 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1005 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1215 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1181 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1325 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1224 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1316 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1006 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1676 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1437 Ephemerella Ephemerellidae Ephemerella dorothea
08-SWRC-1187 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0970 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1322 Ephemerellidae Ephemerella Ephemerella dorothea
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08-SWRC-1186 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1190 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0945 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1033 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1313 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1196 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1461 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0983 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1660 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1028 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0812 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-1649 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1319 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1450 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1232 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1666 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1201 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1234 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1236 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-1454 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0792 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0955 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-0965 Ephemerella Ephemerellidae Ephemerella dorothea
08-SWRC-0793 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1429 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-0946 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1216 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-0819 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-1036 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0790 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1242 Ephemerellidae Ephemerella Ephemerella dorothea
08-SWRC-1024 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0976 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1464 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1651 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1312 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1029 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0985 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0799 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1667 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1446 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1675 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1668 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1035 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0960 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-0953 Ephemerella Ephemerella Ephemerella dorothea
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08-SWRC-1453 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1439 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0947 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-0830 Ephemerellidae Ephemerellidae Ephemerella dorothea
08-SWRC-0999 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0981 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1432 Ephemerella Ephemerellidae Ephemerella dorothea
08-SWRC-1004 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1189 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1643 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1207 Ephemerellidae Ephemerella dorothea Ephemerella dorothea
08-SWRC-1661 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0967 Ephemerella Ephemerellidae Ephemerella dorothea
08-SWRC-0998 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-0958 Ephemerella Ephemerellidae Ephemerella dorothea
08-SWRC-1442 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-0974 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1658 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1428 Ephemerella Ephemerella Ephemerella dorothea
08-SWRC-1019 Ephemerella Ephemerella dorothea Ephemerella dorothea
08-SWRC-1449 Ephemerella Ephemerella Ephemerella sp. 1
08-SWRC-0919 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0739 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0941 Ephemerella Ephemerella Ephemerella invaria
08-SWRC-0933 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0929 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0731 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0927 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-1169 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-1306 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0745 Ephemerella Ephemerella Ephemerella invaria
08-SWRC-0741 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-1310 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-1307 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-1170 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-1171 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0926 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-1172 Ephemerellidae Ephemerella invaria Ephemerella invaria
08-SWRC-0928 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0930 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0932 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0730 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-1637 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-1182 Ephemerellidae Ephemerella Ephemerella invaria
08-SWRC-0734 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0733 Ephemerella Ephemerella invaria Ephemerella invaria
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08-SWRC-0736 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0936 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0931 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-1174 Ephemerellidae Ephemerella Ephemerella invaria
08-SWRC-1308 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0980 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0738 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0732 Ephemerella Ephemerella Ephemerella invaria
08-SWRC-0729 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0935 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0934 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0925 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0924 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-1309 Serratella Ephemerella invaria Ephemerella invaria
08-SWRC-0957 Ephemerella Ephemerella Ephemerella invaria
08-SWRC-0737 Ephemerella Ephemerella invaria Ephemerella invaria
08-SWRC-0743 Ephemerella Ephemerella Ephemerella invaria
08-SWRC-0922 Ephemerella Ephemerella subvaria Ephemerella subvaria
08-SWRC-0728 Ephemerella Ephemerella subvaria Ephemerella subvaria
08-SWRC-0921 Ephemerella Ephemerella subvaria Ephemerella subvaria
08-SWRC-1176 Heptageniidae Epeorus vitreus Epeorus vitreus
08-SWRC-1175 Heptageniidae Epeorus vitreus Epeorus vitreus
08-SWRC-1427 Ephemera Ephemera varia Ephemera varia
08-SWRC-1426 Ephemera Ephemera varia Ephemera varia
08-SWRC-1422 Ephemera Ephemera varia Ephemera varia
08-SWRC-1448 Ephemera Ephemera varia Ephemera varia
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08-SWRC-0877 Plecoptera Plecoptera Plecoptera sp. 1
08-SWRC-0836 Plecoptera Plecoptera Plecoptera sp. 1
08-SWRC-1247 Plecoptera Plecoptera Plecoptera sp. 1
08-SWRC-1705 Plecoptera Plecoptera Plecoptera sp. 2
08-SWRC-0861 Plecoptera Perlidae Perlidae sp. 1
08-SWRC-0863 Plecoptera Leuctridae Leuctridae sp. 1
08-SWRC-0872 Plecoptera Plecoptera Leuctridae sp. 1
08-SWRC-0834 Plecoptera Leuctridae Leuctridae sp. 1
08-SWRC-1255 Plecoptera Plecoptera Leuctridae sp. 1
08-SWRC-1254 Plecoptera Plecoptera Leuctridae sp. 1
08-SWRC-0874 Plecoptera Leuctridae Leuctridae sp. 1
08-SWRC-0835 Plecoptera Leuctridae Leuctridae sp. 1
08-SWRC-1252 Plecoptera Plecoptera Leuctridae sp. 1
08-SWRC-0864 Plecoptera Leuctridae Leuctridae sp. 1
08-SWRC-0876 Plecoptera Plecoptera Plecoptera sp. 3
08-SWRC-1339 Plecoptera Strophopteryx Strophopteryx sp. 1
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08-SWRC-1164 Philopotamidae Chimarra aterrima Chimarra aterrima
08-SWRC-0913 Chimarra Chimarra aterrima Chimarra aterrima
08-SWRC-0911 Chimarra Chimarra aterrima Chimarra aterrima
08-SWRC-1483 Philopotamidae Chimarra aterrima Chimarra aterrima
08-SWRC-1618 Philopotamidae Chimarra aterrima Chimarra aterrima
08-SWRC-0912 Chimarra Chimarra aterrima Chimarra aterrima
08-SWRC-0910 Chimarra Chimarra aterrima Chimarra aterrima
08-SWRC-1491 Philopotamidae Chimarra aterrima Chimarra aterrima
08-SWRC-1624 Philopotamidae Chimarra Chimarra aterrima
08-SWRC-1623 Philopotamidae Chimarra aterrima Chimarra aterrima
08-SWRC-1622 Philopotamidae Chimarra aterrima Chimarra aterrima
08-SWRC-1621 Philopotamidae Chimarra aterrima Chimarra aterrima
08-SWRC-1620 Philopotamidae Chimarra aterrima Chimarra aterrima
08-SWRC-1619 Philopotamidae Chimarra aterrima Chimarra aterrima
08-SWRC-1163 Philopotamidae Chimarra aterrima Chimarra aterrima
08-SWRC-0848 Chimarra Chimarra aterrima Chimarra aterrima
08-SWRC-1370 Philopotamidae Chimarra aterrima Chimarra aterrima
08-SWRC-0914 Chimarra Chimarra aterrima Chimarra aterrima
08-SWRC-1482 Psychomyiidae Lype diversa Lype diversa
08-SWRC-1165 Psychomyia Psychomyia Psychomyia flavida
08-SWRC-1162 Psychomyia Psychomyia Psychomyia flavida
08-SWRC-0916 Psychomyiidae Psychomyia flavida Psychomyia flavida
08-SWRC-1159 Psychomyia Psychomyia flavida Psychomyia flavida
08-SWRC-1633 Hydroptilidae Leucotrichia pictipes Leucotrichia pictipes
08-SWRC-1634 Hydroptilidae Leucotrichia pictipes Leucotrichia pictipes
08-SWRC-1345 Hydroptilidae Leucotrichia pictipes Leucotrichia pictipes
08-SWRC-1344 Hydroptilidae Leucotrichia pictipes Leucotrichia pictipes
08-SWRC-1487 Limnephilidae Leptoceridae Leptoceridae sp. 1
08-SWRC-0850 Micrasema Micrasema Micrasema sp. 1
08-SWRC-0849 Neophylax Neophylax oligius Neophylax oligius
08-SWRC-0918 Neophylax Neophylax oligius Neophylax oligius
08-SWRC-1603 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1356 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1361 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1358 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1153 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1606 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1611 Hydropsyche Hydropsyche Hydropsyche betteni
08-SWRC-1364 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1601 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1355 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-0894 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1136 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-0889 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-0886 Hydropsychidae Hydropsyche betteni Hydropsyche betteni
08-SWRC-1617 Hydropsyche Hydropsyche Hydropsyche betteni
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08-SWRC-1616 Hydropsyche Hydropsyche Hydropsyche betteni
08-SWRC-0883 Cheumatopsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1479 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-0884 Cheumatopsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-0887 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1351 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-0897 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1149 Hydropsyche Hydropsyche Hydropsyche betteni
08-SWRC-1605 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1607 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1160 Hydropsyche Hydropsyche Hydropsyche betteni
08-SWRC-0845 Cheumatopsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-0920 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-0908 Hydropsyche Cheumatopsyche Hydropsyche betteni
08-SWRC-0900 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-0896 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1612 Hydropsychidae Hydropsyche Hydropsyche betteni
08-SWRC-1604 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1148 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1369 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1366 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1141 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1139 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1152 Hydropsyche Hydropsyche Hydropsyche betteni
08-SWRC-1151 Hydropsyche Hydropsyche Hydropsyche betteni
08-SWRC-1158 Hydropsyche Hydropsyche Hydropsyche betteni
08-SWRC-1365 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-0904 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1602 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1353 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1349 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1138 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-0892 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1610 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-0906 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1150 Hydropsyche Hydropsyche Hydropsyche betteni
08-SWRC-1614 Hydropsyche Hydropsyche betteni Hydropsyche betteni
08-SWRC-1140 Hydropsyche Hydropsyche slossonae Hydropsyche slossonae
08-SWRC-0842 Cheumatopsyche Hydropsyche slossonae Hydropsyche slossonae
08-SWRC-0893 Hydropsyche Hydropsyche slossonae Hydropsyche slossonae
08-SWRC-0891 Hydropsyche Hydropsyche Hydropsyche slossonae
08-SWRC-0898 Hydropsyche Hydropsyche Hydropsyche slossonae
08-SWRC-0895 Hydropsyche Hydropsyche slossonae Hydropsyche slossonae
08-SWRC-1156 Hydropsyche Hydropsyche slossonae Hydropsyche slossonae
08-SWRC-0903 Hydropsyche Hydropsyche slossonae Hydropsyche slossonae
08-SWRC-0888 Hydropsyche Hydropsyche slossonae Hydropsyche slossonae
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08-SWRC-1363 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1608 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1368 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1613 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1367 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1155 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-0907 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1362 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1360 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1354 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1352 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1350 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1137 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1481 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1480 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1478 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1477 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-1615 Hydropsyche Hydropsyche bronta Hydropsyche bronta
08-SWRC-0905 Hydropsyche Hydropsyche Hydropsyche sparna
08-SWRC-0878 Cheumatopsyche Hydropsyche sparna Hydropsyche sparna
08-SWRC-0839 Hydropsyche Hydropsyche sparna Hydropsyche sparna
08-SWRC-1147 Hydropsyche Hydropsyche Hydropsyche sparna
08-SWRC-1134 Rhyacophila Hydropsyche sparna Hydropsyche sparna
08-SWRC-0885 Hydropsyche Hydropsyche sparna Hydropsyche sparna
08-SWRC-1154 Hydropsyche Hydropsyche Hydropsyche sparna
08-SWRC-0901 Hydropsyche Hydropsyche Hydropsyche sparna
08-SWRC-1142 Hydropsyche Hydropsyche sparna Hydropsyche sparna
08-SWRC-0881 Cheumatopsyche Hydropsyche sparna Hydropsyche sparna
08-SWRC-0902 Hydropsyche Hydropsyche Hydropsyche sparna
08-SWRC-1146 Hydropsyche Hydropsyche Hydropsyche sparna
08-SWRC-1133 Hydropsyche Hydropsyche sparna Hydropsyche sparna
08-SWRC-1143 Hydropsyche Hydropsyche sparna Hydropsyche sparna
08-SWRC-1144 Hydropsyche Hydropsyche sparna Hydropsyche sparna
08-SWRC-1145 Hydropsyche Hydropsyche Hydropsyche sparna
08-SWRC-0838 Diplectrona Hydropsyche sparna Hydropsyche sparna
08-SWRC-1157 Hydropsyche Hydropsyche Hydropsyche sparna
08-SWRC-0882 Cheumatopsyche Hydropsyche sparna Hydropsyche sparna
08-SWRC-0880 Cheumatopsyche Hydropsyche sparna Hydropsyche sparna
08-SWRC-1357 Cheumatopsyche Cheumatopsyche Cheumatopsyche sp. 1
08-SWRC-1630 Hydropsychidae Cheumatopsyche Cheumatopsyche sp. 1
08-SWRC-1609 Hydropsyche Cheumatopsyche Cheumatopsyche sp. 1
08-SWRC-0847 Cheumatopsyche Cheumatopsyche Cheumatopsyche sp. 1
08-SWRC-0840 Cheumatopsyche Cheumatopsyche Cheumatopsyche sp. 2
08-SWRC-0841 Cheumatopsyche Cheumatopsyche Cheumatopsyche sp. 3
08-SWRC-0899 Cheumatopsyche Cheumatopsyche Cheumatopsyche sp. 3
08-SWRC-0890 Cheumatopsyche Cheumatopsyche Cheumatopsyche sp. 3
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08-SWRC-0846 Cheumatopsyche Cheumatopsyche Cheumatopsyche sp. 3
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Voucher Taxonomy Taxonomy species ID
08-SWRC-1540 Ceratopogonidae Ceratopogonidae Ceratopogonidae sp.1
08-SWRC-1397 Empididae Clinocera Clinocera sp.1
08-SWRC-1125 Empididae Clinocera Clinocera sp.1
08-SWRC-1740 Empididae Empididae Hemerodromia sp.1
08-SWRC-1400 Empididae Hemerodromia Hemerodromia sp.1
08-SWRC-1399 Empididae Hemerodromia Hemerodromia sp.1
08-SWRC-1738 Empididae Hemerodromia Hemerodromia sp.1
08-SWRC-1739 Empididae Hemerodromia Hemerodromia sp.1
08-SWRC-1741 Empididae Hemerodromia Hemerodromia sp.1
08-SWRC-1537 Empididae Hemerodromia Hemerodromia sp.1
08-SWRC-1737 Empididae Hemerodromia Hemerodromia sp.1
08-SWRC-1539 Empididae Empididae Chelifera sp.1
08-SWRC-1127 Empididae Chelifera Chelifera sp.1
08-SWRC-1123 Tipulidae Tipula Tipula sp. 1
08-SWRC-1535 Tipulidae Antocha Antocha sp. 2
08-SWRC-1735 Tipulidae Antocha Antocha sp. 2
08-SWRC-1728 Tipulidae Antocha Antocha sp. 2
08-SWRC-1731 Tipulidae Antocha Antocha sp. 2
08-SWRC-1734 Tipulidae Antocha Antocha sp. 2
08-SWRC-1732 Tipulidae Antocha Antocha sp. 2
08-SWRC-1289 Tipulidae Antocha Antocha sp. 2
08-SWRC-1536 Tipulidae Antocha Antocha sp. 2
08-SWRC-1729 Tipulidae Antocha Antocha sp. 2
08-SWRC-1736 Tipulidae Antocha Antocha sp. 2
08-SWRC-1534 Tipulidae Antocha Antocha sp. 2
08-SWRC-1730 Tipulidae Antocha Antocha sp. 2
08-SWRC-1533 Tipulidae Antocha Antocha sp. 2
08-SWRC-1396 Tipulidae Antocha Antocha sp. 2
08-SWRC-1733 Tipulidae Antocha Antocha sp. 2
08-SWRC-1727 Tipulidae Antocha Antocha sp. 2
08-SWRC-1532 Tipulidae Antocha Antocha sp. 1
08-SWRC-1291 Tipulidae Antocha Antocha sp. 1
08-SWRC-1290 Tipulidae Antocha Antocha sp. 1
08-SWRC-1126 Tipulidae Antocha Antocha sp. 1
08-SWRC-1124 Tipulidae Antocha Antocha sp. 1
08-SWRC-1538 Simuliidae Simuliidae Simuliidae sp. 1
08-SWRC-1294 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1073 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1103 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1107 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1298 Prosimulium Prosimulium mixtum Prosimulium complex
08-SWRC-1091 Prosimulium Prosimulium arvum Prosimulium complex
08-SWRC-1293 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1106 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1099 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1097 Prosimulium Prosimulium magnum Prosimulium complex
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08-SWRC-1082 Prosimulium Prosimulium mixtum Prosimulium complex
08-SWRC-1076 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1094 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1090 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1726 Prosimulium Prosimulium mixtum Prosimulium complex
08-SWRC-1116 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1104 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1299 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1115 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1297 Prosimulium Prosimulium arvum Prosimulium complex
08-SWRC-1118 Prosimulium Prosimulium Prosimulium complex
08-SWRC-1105 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1068 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1117 Prosimulium Prosimulium Prosimulium complex
08-SWRC-1070 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1098 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1092 Prosimulium Prosimulium mixtum Prosimulium complex
08-SWRC-1075 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1067 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1074 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1083 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-0853 Prosimulium Prosimulium Prosimulium complex
08-SWRC-1725 Prosimulium Prosimulium mixtum Prosimulium complex
08-SWRC-1112 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1110 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1305 Prosimulium Prosimulium mixtum Prosimulium complex
08-SWRC-1095 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1300 Prosimulium Prosimulium mixtum Prosimulium complex
08-SWRC-1121 Simuliidae Simuliidae Prosimulium complex
08-SWRC-1086 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1292 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1101 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1071 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1093 Prosimulium Prosimulium mixtum Prosimulium complex
08-SWRC-1078 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1111 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1079 Prosimulium Prosimulium Prosimulium complex
08-SWRC-1072 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1301 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1080 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1303 Prosimulium Prosimulium mixtum Prosimulium complex
08-SWRC-1069 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1113 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1120 Prosimulium Prosimulium Prosimulium complex
08-SWRC-1085 Prosimulium Prosimulium Prosimulium complex
08-SWRC-1077 Prosimulium Prosimulium mixtum Prosimulium complex
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08-SWRC-1109 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1108 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1102 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1100 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-0851 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1304 Prosimulium Prosimulium mixtum Prosimulium complex
08-SWRC-1295 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1122 Simuliidae Simuliidae Prosimulium complex
08-SWRC-1088 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1114 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1296 Prosimulium Prosimulium mixtum Prosimulium complex
08-SWRC-1087 Prosimulium Prosimulium mixtum Prosimulium complex
08-SWRC-1119 Prosimulium Prosimulium Prosimulium complex
08-SWRC-1302 Prosimulium Prosimulium mixtum Prosimulium complex
08-SWRC-1089 Prosimulium Prosimulium magnum Prosimulium complex
08-SWRC-1084 Prosimulium Prosimulium arvum P. arvum sp. 1
08-SWRC-1081 Prosimulium Prosimulium arvum P. arvum sp. 1
08-SWRC-1096 Prosimulium Prosimulium arvum P. arvum sp. 1
08-SWRC-1724 Prosimulium Prosimulium arvum P. arvum sp. 2
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08-SWRC-0041 Chironomidae Polypedilum aviceps Polypedilum aviceps
08-SWRC-0118 Chironomidae Polypedilum aviceps Polypedilum aviceps
08-SWRC-0135 Chironomidae Polypedilum Polypedilum aviceps
08-SWRC-0029 Chironomidae Polypedilum aviceps Polypedilum aviceps
08-SWRC-0519 Chironomidae Polypedilum convictum Polypedilum convictum sp3
08-SWRC-0062 Chironomidae Polypedilum convictum Polypedilum convictum sp2
08-SWRC-0144 Chironomidae Chironomidae Polypedilum convictum sp2
08-SWRC-0055 Chironomidae Polypedilum convictum Polypedilum convictum sp1
08-SWRC-0023 Chironomidae Polypedilum Polypedilum convictum sp1
08-SWRC-0203 Chironomidae Polypedilum Polypedilum convictum sp1
08-SWRC-0423 Chironomidae Polypedilum convictum Polypedilum convictum sp1
08-SWRC-0061 Chironomidae Polypedilum convictum Polypedilum convictum sp1
08-SWRC-0068 Chironomidae Polypedilum Polypedilum convictum sp1
08-SWRC-0033 Chironomidae Polypedilum convictum Polypedilum convictum sp1
08-SWRC-0040 Chironomidae Polypedilum Polypedilum convictum sp1
08-SWRC-0034 Chironomidae Polypedilum convictum Polypedilum convictum sp1
08-SWRC-0071 Chironomidae Polypedilum convictum Polypedilum convictum sp1
08-SWRC-0056 Chironomidae Polypedilum Polypedilum sp1
08-SWRC-0543 Chironomidae Tribelos Tribelos sp1
08-SWRC-0644 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0645 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0551 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0521 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0320 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0535 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0294 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0297 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0657 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0623 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0634 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0431 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0550 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0525 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0510 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0583 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0528 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0531 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0585 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0681 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0547 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0530 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0377 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0283 Chironomidae Chironominae Cladotanytarsus sp5
08-SWRC-0487 Chironomidae Cladotanytarsus Cladotanytarsus sp5
08-SWRC-0437 Chironomidae Cladotanytarsus Cladotanytarsus sp4
08-SWRC-0367 Chironomidae Cladotanytarsus Cladotanytarsus sp4
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08-SWRC-0299 Chironomidae Cladotanytarsus Cladotanytarsus sp4
08-SWRC-0183 Chironomidae Cladotanytarsus Cladotanytarsus sp3
08-SWRC-0574 Chironomidae Cladotanytarsus Cladotanytarsus sp2
08-SWRC-0693 Chironomidae Cladotanytarsus Cladotanytarsus sp2
08-SWRC-0588 Chironomidae Cladotanytarsus Cladotanytarsus sp2
08-SWRC-0529 Chironomidae Cladotanytarsus Cladotanytarsus sp2
08-SWRC-0705 Chironomidae Cladotanytarsus Cladotanytarsus sp2
08-SWRC-0497 Chironomidae Cladotanytarsus Cladotanytarsus sp2
08-SWRC-0458 Chironomidae Cladotanytarsus Cladotanytarsus sp2
08-SWRC-0260 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0663 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0559 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0422 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0352 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0390 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0566 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0220 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0396 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0362 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0468 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0363 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0555 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0381 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0552 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0379 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0480 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0340 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0619 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0479 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0371 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0477 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0421 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0398 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0500 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0691 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0302 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0406 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0397 Chironomidae Cladotanytarsus Cladotanytarsus sp1
08-SWRC-0330 Chironomidae Dicrotendipes Dicrotendipes sp1
08-SWRC-0436 Chironomidae Tanytarsus guerlus Tanytarsus guerlus sp1
08-SWRC-0526 Chironomidae Tanytarsus guerlus Tanytarsus guerlus sp1
08-SWRC-0578 Chironomidae Tanytarsus guerlus Tanytarsus guerlus sp1
08-SWRC-0582 Chironomidae Tanytarsus guerlus Tanytarsus guerlus sp1
08-SWRC-0545 Chironomidae Tanytarsus guerlus Tanytarsus guerlus sp1
08-SWRC-0514 Chironomidae Tanytarsus guerlus Tanytarsus guerlus sp1
08-SWRC-0586 Chironomidae Tanytarsus Tanytarsus guerlus sp1
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08-SWRC-0325 Chironomidae Tanytarsus guerlus Tanytarsus guerlus sp1
08-SWRC-0549 Chironomidae Tanytarsus Tanytarsus guerlus sp1
08-SWRC-0587 Chironomidae Tanytarsus Tanytarsus guerlus sp1
08-SWRC-0418 Chironomidae Tanytarsus Tanytarsus guerlus sp1
08-SWRC-0546 Chironomidae Tanytarsus guerlus Tanytarsus guerlus sp1
08-SWRC-0548 Chironomidae Tanytarsus Tanytarsus guerlus sp1
08-SWRC-0591 Chironomidae Tanytarsus Tanytarsus guerlus sp1
08-SWRC-0533 Chironomidae Tanytarsus Tanytarsus guerlus sp1
08-SWRC-0197 Chironomidae Tanytarsus Tanytarsus guerlus sp1
08-SWRC-0204 Chironomidae Tanytarsus Tanytarsus guerlus sp1
08-SWRC-0324 Chironomidae Tanytarsus guerlus Tanytarsus guerlus sp1
08-SWRC-0655 Chironomidae Tanytarsus glabrescens Tanytarsus glabrescens sp1
08-SWRC-0224 Chironomidae Sublettea Sublettea sp1
08-SWRC-0508 Chironomidae Sublettea Sublettea sp1
08-SWRC-0444 Chironomidae Sublettea Sublettea sp1
08-SWRC-0065 Chironomidae Sublettea Sublettea sp1
08-SWRC-0631 Chironomidae Sublettea Sublettea sp1
08-SWRC-0602 Chironomidae Sublettea Sublettea sp1
08-SWRC-0252 Chironomidae Sublettea Sublettea sp1
08-SWRC-0639 Chironomidae Sublettea Sublettea sp1
08-SWRC-0221 Chironomidae Sublettea Sublettea sp1
08-SWRC-0293 Chironomidae Sublettea Sublettea sp1
08-SWRC-0599 Chironomidae Sublettea Sublettea sp1
08-SWRC-0301 Chironomidae Sublettea Sublettea sp1
08-SWRC-0240 Chironomidae Sublettea Sublettea sp1
08-SWRC-0666 Chironomidae Sublettea Sublettea sp1
08-SWRC-0394 Chironomidae Sublettea Sublettea sp1
08-SWRC-0654 Chironomidae Sublettea Sublettea sp1
08-SWRC-0248 Chironomidae Sublettea Sublettea sp1
08-SWRC-0495 Chironomidae Sublettea Sublettea sp1
08-SWRC-0433 Chironomidae Sublettea Sublettea sp1
08-SWRC-0336 Chironomidae Neozavrelia Neozavrelia sp1
08-SWRC-0273 Chironomidae Neozavrelia Neozavrelia sp1
08-SWRC-0267 Chironomidae Paratanytarsus Paratanytarsus sp1
08-SWRC-0236 Chironomidae Paratanytarsus Paratanytarsus sp1
08-SWRC-0306 Chironomidae Paratanytarsus Paratanytarsus sp1
08-SWRC-0557 Chironomidae Paratanytarsus Paratanytarsus sp1
08-SWRC-0216 Chironomidae Paratanytarsus Paratanytarsus sp1
08-SWRC-0256 Chironomidae Paratanytarsus Paratanytarsus sp1
08-SWRC-0329 Chironomidae Microtendipes pedellus Microtendipes pedellus
08-SWRC-0228 Chironomidae Microtendipes pedellus Microtendipes pedellus
08-SWRC-0163 Chironomidae Microtendipes pedellus Microtendipes pedellus
08-SWRC-0235 Chironomidae Microtendipes pedellus Microtendipes pedellus
08-SWRC-0002 Chironomidae Microtendipes pedellus Microtendipes pedellus
08-SWRC-0199 Chironomidae Chironominae Chironominae sp1
08-SWRC-0085 Chironomidae Polypedilum aviceps Polypedilum aciceps
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08-SWRC-0054 Chironomidae Polypedilum Polypedilum aciceps
08-SWRC-0167 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0031 Chironomidae Polypedilum Polypedilum aciceps
08-SWRC-0172 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0109 Chironomidae Polypedilum Polypedilum aciceps
08-SWRC-0180 Chironomidae Chironominae Polypedilum aciceps
08-SWRC-0006 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0111 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0147 Chironomidae Polypedilum Polypedilum aciceps
08-SWRC-0045 Chironomidae Polypedilum Polypedilum aciceps
08-SWRC-0011 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0022 Chironomidae Chironominae Polypedilum aciceps
08-SWRC-0057 Chironomidae Polypedilum Polypedilum aciceps
08-SWRC-0067 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0005 Chironomidae Polypedilum Polypedilum aciceps
08-SWRC-0191 Chironomidae Polypedilum Polypedilum aciceps
08-SWRC-0126 Chironomidae Polypedilum Polypedilum aciceps
08-SWRC-0093 Chironomidae Polypedilum Polypedilum aciceps
08-SWRC-0064 Chironomidae Chironominae Polypedilum aciceps
08-SWRC-0175 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0009 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0194 Chironomidae Chironominae Polypedilum aciceps
08-SWRC-0124 Chironomidae Chironominae Polypedilum aciceps
08-SWRC-0099 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0090 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0060 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0102 Chironomidae Polypedilum Polypedilum aciceps
08-SWRC-0038 Chironomidae Polypedilum Polypedilum aciceps
08-SWRC-0179 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0117 Chironomidae Chironominae Polypedilum aciceps
08-SWRC-0160 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0094 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0092 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0007 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0116 Chironomidae Polypedilum aviceps Polypedilum aciceps
08-SWRC-0070 Chironomidae Polypedilum Polypedilum aciceps
08-SWRC-0467 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0692 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0383 Chironomidae Dicrotendipes Dicrotendipes sp. 2
08-SWRC-0492 Chironomidae Dicrotendipes Dicrotendipes sp. 2
08-SWRC-0571 Chironomidae Tanytarsus Tanytarsus sp. 2
08-SWRC-0540 Chironomidae Tanytarsus glabrescens Tanytarsus glabrescens sp. 3
08-SWRC-0272 Chironomidae Tanytarsus glabrescens Tanytarsus glabrescens sp. 3
08-SWRC-0560 Chironomidae Tanytarsus glabrescens Tanytarsus glabrescens sp. 3
08-SWRC-0702 Chironomidae Tanytarsus Tanytarsus glabrescens sp. 3
08-SWRC-0537 Chironomidae Tanytarsus glabrescens Tanytarsus glabrescens sp. 3
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08-SWRC-0268 Chironomidae Tanytarsus glabrescens Tanytarsus glabrescens sp. 2
08-SWRC-0505 Chironomidae Tanytarsus Tanytarsus guerlus sp. 2
08-SWRC-0576 Chironomidae Tanytarsus Tanytarsus guerlus sp. 2
08-SWRC-0373 Chironomidae Tanytarsus guerlus Tanytarsus guerlus sp. 2
08-SWRC-0584 Chironomidae Tanytarsus Tanytarsus guerlus sp. 2
08-SWRC-0375 Chironomidae Tanytarsus Tanytarsus guerlus sp. 2
08-SWRC-0453 Chironomidae Tanytarsus Tanytarsus guerlus sp. 2
08-SWRC-0048 Chironomidae Tanytarsus Tanytarsus guerlus sp. 2
08-SWRC-0613 Chironomidae Tanytarsus guerlus Tanytarsus guerlus sp. 2
08-SWRC-0523 Chironomidae Tanytarsus Tanytarsus guerlus sp. 2
08-SWRC-0285 Chironomidae Tanytarsus Tanytarsus guerlus sp. 2
08-SWRC-0072 Chironomidae Micropsectra Micropsectra nr polita
08-SWRC-0044 Chironomidae Micropsectra Micropsectra nr polita
08-SWRC-0084 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0052 Chironomidae Tanytarsus Tanytarsus sp. 1
08-SWRC-0032 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0173 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0098 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0107 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0105 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0066 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0159 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0176 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0012 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0103 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0104 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0121 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0089 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0532 Chironomidae Tanytarsus Tanytarsus sp. 1
08-SWRC-0108 Chironomidae Tanytarsus sp. 1 Tanytarsus sp. 1
08-SWRC-0189 Chironomidae Rheotanytarsus Rheotanytarsus sp6
08-SWRC-0088 Chironomidae Rheotanytarsus Rheotanytarsus sp6
08-SWRC-0133 Chironomidae Rheotanytarsus Rheotanytarsus sp6
08-SWRC-0091 Chironomidae Rheotanytarsus Rheotanytarsus sp6
08-SWRC-0058 Chironomidae Rheotanytarsus Rheotanytarsus sp6
08-SWRC-0154 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0542 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0174 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0185 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0650 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0059 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0013 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0083 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0188 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0171 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0410 Chironomidae Rheotanytarsus Rheotanytarsus sp5
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08-SWRC-0196 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0195 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0166 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0001 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0075 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0082 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0046 Chironomidae Rheotanytarsus Rheotanytarsus sp5
08-SWRC-0155 Chironomidae Rheotanytarsus Rheotanytarsus sp4
08-SWRC-0100 Chironomidae Rheotanytarsus Rheotanytarsus sp4
08-SWRC-0042 Chironomidae Rheotanytarsus Rheotanytarsus sp4
08-SWRC-0008 Chironomidae Rheotanytarsus Rheotanytarsus sp4
08-SWRC-0049 Chironomidae Rheotanytarsus Rheotanytarsus sp3
08-SWRC-0678 Chironomidae Rheotanytarsus Rheotanytarsus sp3
08-SWRC-0400 Chironomidae Rheotanytarsus Rheotanytarsus sp3
08-SWRC-0149 Chironomidae Rheotanytarsus Rheotanytarsus sp3
08-SWRC-0669 Chironomidae Rheotanytarsus Rheotanytarsus sp3
08-SWRC-0226 Chironomidae Rheotanytarsus Rheotanytarsus sp3
08-SWRC-0476 Chironomidae Rheotanytarsus Rheotanytarsus sp3
08-SWRC-0416 Chironomidae Rheotanytarsus Rheotanytarsus sp3
08-SWRC-0010 Chironomidae Rheotanytarsus Rheotanytarsus sp3
08-SWRC-0670 Chironomidae Rheotanytarsus Rheotanytarsus sp3
08-SWRC-0028 Chironomidae Rheotanytarsus Rheotanytarsus sp3
08-SWRC-0435 Chironomidae Rheotanytarsus Rheotanytarsus sp2
08-SWRC-0486 Chironomidae Rheotanytarsus Rheotanytarsus sp2
08-SWRC-0472 Chironomidae Rheotanytarsus Rheotanytarsus sp1
08-SWRC-0020 Chironomidae Rheotanytarsus Rheotanytarsus sp1
08-SWRC-0164 Chironomidae Rheotanytarsus Rheotanytarsus sp1
08-SWRC-0698 Chironomidae Chironominae Rheotanytarsus sp1
08-SWRC-0298 Chironomidae Stempellinella Stempellinella sp1
08-SWRC-0207 Chironomidae Chironominae Stempellinella sp1
08-SWRC-0137 Chironomidae Chironominae Stempellinella sp1
08-SWRC-0553 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0276 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0595 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0213 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0427 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0357 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0428 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0014 Chironomidae Orthocladiinae Orthocladiinae sp. 1
08-SWRC-0021 Chironomidae Orthocladiinae Orthocladiinae sp. 1
08-SWRC-0257 Chironomidae Orthocladius Orthocladiinae sp. 1
08-SWRC-0642 Chironomidae Orthocladiinae Orthocladiinae sp. 1
08-SWRC-0682 Chironomidae Orthocladiinae Orthocladiinae sp. 1
08-SWRC-0438 Chironomidae Orthocladiinae Orthocladiinae sp. 1
08-SWRC-0364 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0170 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
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08-SWRC-0680 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0125 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0266 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0494 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0219 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0465 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0245 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0701 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0660 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0661 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0628 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0426 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0641 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0246 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0026 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0618 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0295 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0490 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0606 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0413 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0274 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0225 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0019 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0697 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0558 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0420 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0328 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0659 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0140 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0563 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0286 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0562 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0662 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0242 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0565 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0310 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0522 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0593 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0561 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0355 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0601 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0081 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0378 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0605 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0138 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0590 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
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08-SWRC-0485 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0447 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0202 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0482 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0270 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0372 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0651 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0614 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0403 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0541 Chironomidae Eukiefferiella Eukiefferiella brevicalcar sp. 1
08-SWRC-0339 Chironomidae Brillia Brillia sp. 1
08-SWRC-0567 Chironomidae Brillia Brillia sp. 1
08-SWRC-0469 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0277 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0279 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0280 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0434 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0516 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0388 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0579 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0491 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0247 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0632 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0323 Chironomidae Chironomidae Dicrotendipes sp. 3
08-SWRC-0502 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0314 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0570 Chironomidae Dicrotendipes Dicrotendipes sp. 3
08-SWRC-0358 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0017 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0305 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0625 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0073 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0181 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0708 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0198 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0106 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0141 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0131 Chironomidae Eukiefferiella Eukiefferiella sp. 1
08-SWRC-0332 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0648 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0369 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0474 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0493 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0382 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0405 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0409 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
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08-SWRC-0368 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0594 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0229 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0269 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0254 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0488 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0518 Chironomidae Orthocladiinae Orthocladius rivulorum
08-SWRC-0230 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0338 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0334 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0664 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0282 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0404 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0620 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0222 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0454 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0597 Chironomidae Orthocladius rivulorum Orthocladius rivulorum
08-SWRC-0610 Chironomidae Corynoneura Corynoneura sp. 2
08-SWRC-0193 Chironomidae Corynoneura Corynoneura sp. 2
08-SWRC-0101 Chironomidae Corynoneura Corynoneura sp. 2
08-SWRC-0700 Chironomidae Corynoneura Corynoneura sp. 2
08-SWRC-0192 Chironomidae Corynoneura Corynoneura sp. 2
08-SWRC-0035 Chironomidae Corynoneura Corynoneura sp. 2
08-SWRC-0402 Chironomidae Chironomidae Corynoneura sp. 1
08-SWRC-0446 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0489 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0456 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0351 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0430 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0425 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0249 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0671 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0158 Chironomidae Orthocladiinae Corynoneura sp. 1
08-SWRC-0142 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0187 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0544 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0130 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0455 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0316 Chironomidae Corynoneura Corynoneura sp. 1
08-SWRC-0689 Chironomidae Orthocladiinae Corynoneura sp. 1
08-SWRC-0288 Chironomidae Thienemanniella Thienemanniella sp. 1
08-SWRC-0511 Chironomidae Thienemanniella xena Thienemanniella xena sp. 1
08-SWRC-0258 Chironomidae Thienemanniella xena Thienemanniella xena sp. 1
08-SWRC-0483 Chironomidae Thienemanniella xena Thienemanniella xena sp. 1
08-SWRC-0343 Chironomidae Thienemanniella xena Thienemanniella xena sp. 1
08-SWRC-0600 Chironomidae Thienemanniella xena Thienemanniella xena sp. 1
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08-SWRC-0047 Chironomidae Thienemanniella xena Thienemanniella xena sp. 1
08-SWRC-0292 Chironomidae Thienemanniella Thienemanniella xena sp. 1
08-SWRC-0419 Chironomidae Thienemanniella xena Thienemanniella xena sp. 1
08-SWRC-0688 Chironomidae Orthocladius dubitatus Orthocladius dubitatus
08-SWRC-0520 Chironomidae Orthocladius dubitatus Orthocladius dubitatus
08-SWRC-0707 Chironomidae Orthocladius dubitatus Orthocladius dubitatus
08-SWRC-0617 Chironomidae Orthocladiinae Orthocladiinae sp. 2
08-SWRC-0445 Chironomidae Parakiefferiella Parakiefferiella sp. 2
08-SWRC-0212 Chironomidae Parakiefferiella Parakiefferiella sp. 2
08-SWRC-0452 Chironomidae Parakiefferiella Parakiefferiella sp. 2
08-SWRC-0457 Chironomidae Parakiefferiella Parakiefferiella sp. 1
08-SWRC-0464 Chironomidae Cricotopus Cricotopus tremulus sp. 1
08-SWRC-0675 Chironomidae Cricotopus tremulus Cricotopus tremulus sp. 1
08-SWRC-0501 Chironomidae Cricotopus Cricotopus tremulus sp. 1
08-SWRC-0399 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0647 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0473 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0512 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0232 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0303 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0233 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0478 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0342 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 1
08-SWRC-0370 Chironomidae Orthocladiinae Cricotopus sp. 1
08-SWRC-0515 Chironomidae Orthocladiinae Cricotopus sp. 1
08-SWRC-0287 Chironomidae Orthocladiinae Cricotopus sp. 1
08-SWRC-0538 Chironomidae Orthocladiinae Cricotopus sp. 1
08-SWRC-0284 Chironomidae Orthocladiinae Cricotopus sp. 1
08-SWRC-0039 Chironomidae Cricotopus bicinctus Cricotopus sp. 1
08-SWRC-0481 Chironomidae Orthocladiinae Cricotopus sp. 1
08-SWRC-0461 Chironomidae Cricotopus Cricotopus sp. 1
08-SWRC-0462 Chironomidae Cricotopus annulator cmplx Cricotopus sp. 1
08-SWRC-0677 Chironomidae Orthocladiinae Cricotopus sp. 1
08-SWRC-0311 Chironomidae Orthocladiinae Cricotopus sp. 1
08-SWRC-0415 Chironomidae Orthocladius oliveri Orthocladius oliveri sp. 2
08-SWRC-0609 Chironomidae Parakiefferiella Parakiefferiella sp. 4
08-SWRC-0414 Chironomidae Parakiefferiella Parakiefferiella sp. 4
08-SWRC-0347 Chironomidae Parakiefferiella Parakiefferiella sp. 4
08-SWRC-0615 Chironomidae Parakiefferiella Parakiefferiella sp. 4
08-SWRC-0308 Chironomidae Parakiefferiella Parakiefferiella sp. 4
08-SWRC-0027 Chironomidae Synorthocladius Synorthocladius sp. 1
08-SWRC-0114 Chironomidae Synorthocladius Synorthocladius sp. 1
08-SWRC-0004 Chironomidae Synorthocladius Synorthocladius sp. 1
08-SWRC-0152 Chironomidae Synorthocladius Synorthocladius sp. 1
08-SWRC-0694 Chironomidae Synorthocladius Synorthocladius sp. 1
08-SWRC-0667 Chironomidae Synorthocladius Synorthocladius sp. 1
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08-SWRC-0156 Chironomidae Parakiefferiella Parakiefferiella sp. 3
08-SWRC-0086 Chironomidae Parakiefferiella Parakiefferiella sp. 3
08-SWRC-0412 Chironomidae Parakiefferiella Parakiefferiella sp. 3
08-SWRC-0097 Chironomidae Cricotopus tremulus Cricotopus tremulus sp. 2
08-SWRC-0238 Chironomidae Cricotopus tremulus Cricotopus tremulus sp. 2
08-SWRC-0354 Chironomidae Cricotopus tremulus Cricotopus tremulus sp. 2
08-SWRC-0608 Chironomidae Cricotopus tremulus Cricotopus tremulus sp. 2
08-SWRC-0612 Chironomidae Parakiefferiella Parakiefferiella sp. 5
08-SWRC-0554 Chironomidae Parakiefferiella Parakiefferiella sp. 5
08-SWRC-0251 Chironomidae Orthocladiinae Parakiefferiella sp. 5
08-SWRC-0312 Chironomidae Orthocladiinae Parakiefferiella sp. 5
08-SWRC-0018 Chironomidae Thienemannimyia Thienemannimyia sp. 4
08-SWRC-0024 Chironomidae Thienemannimyia Thienemannimyia sp. 4
08-SWRC-0129 Chironomidae Thienemannimyia Thienemannimyia sp. 4
08-SWRC-0095 Chironomidae Thienemannimyia Thienemannimyia sp. 4
08-SWRC-0148 Chironomidae Thienemannimyia Thienemannimyia sp. 4
08-SWRC-0079 Chironomidae Thienemannimyia Thienemannimyia sp. 4
08-SWRC-0151 Chironomidae Thienemannimyia Thienemannimyia sp. 4
08-SWRC-0169 Chironomidae Thienemannimyia Thienemannimyia sp. 4
08-SWRC-0146 Chironomidae Thienemannimyia Thienemannimyia sp. 4
08-SWRC-0150 Chironomidae Thienemannimyia Thienemannimyia sp. 4
08-SWRC-0123 Chironomidae Thienemannimyia Thienemannimyia sp. 3
08-SWRC-0165 Chironomidae Thienemannimyia Thienemannimyia sp. 2
08-SWRC-0633 Chironomidae Thienemannimyia Thienemannimyia sp. 2
08-SWRC-0356 Chironomidae Orthocladius Orthocladius sp. 1
08-SWRC-0050 Chironomidae Sympotthastia Sympotthastia sp. 1
08-SWRC-0261 Chironomidae Sympotthastia Sympotthastia sp. 1
08-SWRC-0380 Chironomidae Sympotthastia Sympotthastia sp. 1
08-SWRC-0136 Chironomidae Diamesinae Sympotthastia sp. 1
08-SWRC-0037 Chironomidae Sympotthastia Sympotthastia sp. 1
08-SWRC-0443 Chironomidae Diamesinae Sympotthastia sp. 1
08-SWRC-0564 Chironomidae Sympotthastia Sympotthastia sp. 1
08-SWRC-0507 Chironomidae Sympotthastia Sympotthastia sp. 1
08-SWRC-0499 Chironomidae Sympotthastia Sympotthastia sp. 1
08-SWRC-0349 Chironomidae Diamesa sp. B Diamesa sp. B
08-SWRC-0003 Chironomidae Pagastia Pagastia sp. 1
08-SWRC-0345 Chironomidae Potthastia gaedii Potthastia gaedii
08-SWRC-0683 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0145 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0348 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0350 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0395 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0153 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0333 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0327 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0685 Chironomidae Parametriocnemus Parametriocnemus sp. 1
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08-SWRC-0030 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0074 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0076 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0208 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0209 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0218 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0182 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0556 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0053 Chironomidae Parametriocnemus Parametriocnemus sp. 1
08-SWRC-0331 Chironomidae Hydrobaenus Hydrobaenus sp. 2
08-SWRC-0589 Chironomidae Hydrobaenus Hydrobaenus sp. 2
08-SWRC-0695 Chironomidae Hydrobaenus Hydrobaenus sp. 2
08-SWRC-0527 Chironomidae Hydrobaenus Hydrobaenus sp. 2
08-SWRC-0643 Chironomidae Hydrobaenus Hydrobaenus sp. 2
08-SWRC-0063 Chironomidae Hydrobaenus Hydrobaenus sp. 1
08-SWRC-0016 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0271 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0451 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0524 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0596 Chironomidae Tvetenia paucunca Tvetenia paucunca
08-SWRC-0344 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0703 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0253 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0466 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 3
08-SWRC-0296 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0580 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0498 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0289 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0239 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0250 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0051 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0263 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0656 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0313 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0243 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0611 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 2
08-SWRC-0262 Chironomidae Orthocladius Orthocladius dorenus sp. 2
08-SWRC-0237 Chironomidae Orthocladius Orthocladius dorenus sp. 2
08-SWRC-0484 Chironomidae Orthocladiinae Orthocladius dorenus sp. 2
08-SWRC-0627 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 2
08-SWRC-0244 Chironomidae Orthocladius Orthocladius dorenus sp. 2
08-SWRC-0439 Chironomidae Orthocladiinae Orthocladius dorenus sp. 2
08-SWRC-0699 Chironomidae Orthocladiinae Orthocladius dorenus sp. 2
08-SWRC-0386 Chironomidae Orthocladiinae Orthocladius dorenus sp. 2
08-SWRC-0317 Chironomidae Orthocladiinae Orthocladius dorenus sp. 2
08-SWRC-0318 Chironomidae Orthocladiinae Orthocladius dorenus sp. 2
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08-SWRC-0255 Chironomidae Orthocladius Orthocladius dorenus sp. 2
08-SWRC-0471 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 2
08-SWRC-0581 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 2
08-SWRC-0307 Chironomidae Orthocladius Orthocladius dorenus sp. 2
08-SWRC-0275 Chironomidae Orthocladius Orthocladius dorenus sp. 2
08-SWRC-0353 Chironomidae Orthocladiinae Orthocladius dorenus sp. 2
08-SWRC-0640 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 2
08-SWRC-0676 Chironomidae Orthocladius Orthocladius dorenus sp. 2
08-SWRC-0417 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 2
08-SWRC-0496 Chironomidae Orthocladiinae Orthocladius dorenus sp. 2
08-SWRC-0234 Chironomidae Orthocladius Orthocladius dorenus sp. 2
08-SWRC-0460 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 2
08-SWRC-0504 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 1
08-SWRC-0686 Chironomidae Orthocladiinae Orthocladius dorenus sp. 1
08-SWRC-0616 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 1
08-SWRC-0687 Chironomidae Orthocladiinae Orthocladius dorenus sp. 1
08-SWRC-0653 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 1
08-SWRC-0658 Chironomidae Orthocladius Orthocladius dorenus sp. 1
08-SWRC-0346 Chironomidae Orthocladiinae Orthocladius dorenus sp. 1
08-SWRC-0211 Chironomidae Orthocladius Orthocladius dorenus sp. 1
08-SWRC-0598 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 1
08-SWRC-0360 Chironomidae Orthocladiinae Orthocladius dorenus sp. 1
08-SWRC-0326 Chironomidae Orthocladiinae Orthocladius dorenus sp. 1
08-SWRC-0223 Chironomidae Orthocladiinae Orthocladius dorenus sp. 1
08-SWRC-0408 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 1
08-SWRC-0392 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 1
08-SWRC-0649 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 1
08-SWRC-0441 Chironomidae Orthocladius carlatus Orthocladius carlatus
08-SWRC-0449 Chironomidae Orthocladiinae Orthocladius carlatus
08-SWRC-0429 Chironomidae Orthocladiinae Orthocladius carlatus
08-SWRC-0622 Chironomidae Orthocladiinae Orthocladius carlatus
08-SWRC-0630 Chironomidae Orthocladius carlatus Orthocladius carlatus
08-SWRC-0322 Chironomidae Orthocladiinae Orthocladius carlatus
08-SWRC-0128 Chironomidae Orthocladiinae Orthocladius carlatus
08-SWRC-0509 Chironomidae Orthocladiinae Orthocladiinae sp. 3
08-SWRC-0573 Chironomidae Orthocladiinae Orthocladiinae sp. 3
08-SWRC-0450 Chironomidae Orthocladiinae Orthocladiinae sp. 3
08-SWRC-0291 Chironomidae Orthocladiinae Orthocladiinae sp. 3
08-SWRC-0391 Chironomidae Orthocladiinae Orthocladiinae sp. 3
08-SWRC-0190 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0178 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0015 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0162 Chironomidae Rheocricotopus Rheocricotopus robacki
08-SWRC-0122 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0201 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0638 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
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08-SWRC-0621 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0341 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0080 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0132 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0665 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0177 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0077 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0184 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0200 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0300 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0265 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0629 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0359 Chironomidae Rheocricotopus robacki Rheocricotopus robacki
08-SWRC-0069 Chironomidae Orthocladiinae Rheocricotopus robacki
08-SWRC-0646 Chironomidae Orthocladiinae Rheocricotopus robacki
08-SWRC-0679 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0231 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0442 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0337 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0127 Chironomidae Orthocladiinae Orthocladius rivicola
08-SWRC-0025 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0096 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0168 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0241 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0139 Chironomidae Orthocladiinae Orthocladius rivicola
08-SWRC-0036 Chironomidae Orthocladiinae Orthocladius rivicola
08-SWRC-0424 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0043 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0674 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0115 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0186 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0503 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0120 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0259 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0407 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0205 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0696 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0626 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0110 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0706 Chironomidae Orthocladiinae Orthocladius rivicola
08-SWRC-0393 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0087 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0161 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0078 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0113 Chironomidae Orthocladius rivicola Orthocladius rivicola
08-SWRC-0539 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
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08-SWRC-0143 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0569 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0134 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0206 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0575 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0506 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0227 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0440 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 3
08-SWRC-0335 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0374 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 3
08-SWRC-0411 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 3
08-SWRC-0517 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0624 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 3
08-SWRC-0635 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 3
08-SWRC-0215 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0673 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0463 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 3
08-SWRC-0604 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0572 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0534 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0366 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0475 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0684 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0112 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0704 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0652 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0214 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0290 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0470 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 3
08-SWRC-0264 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0637 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0385 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0210 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0668 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0365 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0401 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0309 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0387 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 3
08-SWRC-0319 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0636 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 3
08-SWRC-0217 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0119 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0304 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0384 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0672 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0448 Chironomidae Orthocladius Orthocladius dorenus sp. 3
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08-SWRC-0577 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0690 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0315 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 3
08-SWRC-0536 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0361 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 3
08-SWRC-0281 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0321 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0432 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0513 Chironomidae Orthocladius Orthocladius dorenus sp. 3
08-SWRC-0592 Chironomidae Orthocladius dorenus Orthocladius dorenus sp. 3
08-SWRC-0459 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
08-SWRC-0603 Chironomidae Orthocladiinae Orthocladius dorenus sp. 3
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Figure E1. Portion of the NJ tree showing the three species groups (red is sp.1, blue is sp. 
3, and yellow is sp.3) of Orthoclaius dorenus. Note that for the third and final section not 
all specimens are shown.  
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Figure E2. Parsimony tree showing the two species groups (pink and green arrows) of  O. 
dorenus in the Sinclair and Gresens 2008 study. The single species group for O. oliveri 
can also be seen in this tree (orange arrow). 
 
 
Figure E3. O. oliveri sp. 1 group in the NJ tree 
 
 
Figure E4. O. oliveri sp. 2 singleton (08-SWRC-0415) in the NJ tree (purple arrow) 
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